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attached  to  a  great  educational  institution,  to  give  a  course 
embracing  my  views  upon  the  science  of  agriculture.  I  con- 
sented to  this,  and  prepared  my  lectures ;  but  motives,  to 
which  I  was  entirely  a  stranger,  having  prevented  the  project 
from  being  carried  out,  I  made  up  my  mind  to  publish,  not 
the  lectures  such  as  I  should  have  delivered  them,  but  the 
documents  which  would  have  formed  the  ground-work  of  my 
teaching. 

The  first  part  of  this  work  treats  in  succession  of  the  phy- 
sical and  chemical  phenomena  of  vegetation ;  of  the  compo- 
sition of  vegetables  and  their  immediate  principles;  of  fermen- 
tation ;  and  of  soils.  The  second  comprises  a  summary  of 
all  that  has  yet  been  done  on  the  subject  of  manures,  organic 
and  mineral ;  a  discussion  of  the  subject  of  rotations ;  general 
views  of  the  maintenance  and  economy  of  live  stock  ;  finally, 
some  considerations  on  meteorology  and  climate,  and  on  the 
relations  between  organised  beings  and  the  atmosphere. 

I  have  endeavoured,  therefore,  to  give  a  summary  view  of 
the  several  questions  of  rural  economy  that  admit  of  scientific 
treatment.  It  may  be  found,  perhaps,  that  the  number  of 
these  questions  is  still  extremely  smaD.  Nevertheless,  in 
regarding  the  multitude  of  inquiries  that  have  been  instituted 
within  a  very  few  years  only,  in  viewing  especially  the  ever- 
increasing  interest  attached  to  researches  bearing  upon 
practical  agriculture,  we  are  bound  to  anticipate  progress,  and 
to  hope  for  conclusions  important  as  regards  science,  profitable 
with  reference  to  practice,  and  useful  to  mankind. 
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The  following  work  is  submitted  to  the  agricultural  public 
in  the  fullest  confidence  that  it  stands  in  need  of  no  recom- 
mendatory strictures  on  the  part  of  those  who  have  under- 
taken to  present  it  in  its  present  form  to  the  English  agricul- 
turist. In  the  person  of  its  distinguished  author  the  man  of 
science  is  most  happily  associated  with  the  practical  farmer — the 
accomplished  naturalist,  the  profound  chemist  and  natural 
philosopher,  the  friend  and  fellow  laboiu'er  of  Arago,  Biot, 
Dumas,  and  all  the  leading  minds  of  his  age  and  country — 
surely  the  collected  and  carefully  recorded  experience  of 
such  a  man,  experience  by  which  the  conclusions  of  the  mem- 
ber of  the  Institute  have  been  tested  and  weighed  by  those 
of  the  farmer  of  Bechelbronn^  must  have  value  in  the 
estimation  of  every  educated  mind,  and  cannot  fail  to  be  espe- 
cially welcome  to  that  class  of  readers  who  are  professionally 
engaged  in  the  practical  application  of  the  noble  science 
which  his  labours  have  contributed  to  illustrate  and  advance. 
M.  Boussingault's  title  to  consideration  indeed  is  recognized 
wherever  letters  and  civilization  have  extended  their  influence. 

When  the  following  pages  were  confided  to  the  editor  it 
was  the  impression  both  of  the  publisher  and  himself  that  in 
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the  course  of  the  wwk  many  points  would  necessarily  arise 
demanding  elucidation,  others  calculated  to  provoke  controversy 
or  challenge  investigation,  and  others  again  which  could  be 
rendered  available  or  instructive  to  the  British  agriculturist  only 
by  means  of  copious  explanation,  showing  with  what  modifi- 
cations and  under  what  circumstances  the  views  advanced  might 
be  applicable  to  the  art  as  exercised  in  the  climate  and  sofl  of 
this  country.  But  the  minute  and  analytical  perusal  indispen- 
sable in  the  operation  of  investing  the  Author's  thoughts  and 
expressions  with  an  English  garb^  has  demc^istrated  the 
fallacy  of  this  impression,  and  if  possible  has  augmented  the 
admiration  of  the  untiring  patience,  the  vast  experience  and 
the  astute,  circumstantial  and  daborale  accuracy  of  the  ac- 
complished author,  in  whose  researdies  the  reader  will  find 
the  profi)undest  sagacity,  combined  with  a  childlike  simplicity 
which  cc»nmunicates  to  his  work  a  charm  not  necessarily  in* 
herent  in  the  subject. 

This  is  not  intended  to  imply  an  unqualified  s^proval  in 
every  instance  of  the  illustrious  phflosopher's  manner  of 
dealing  with  his  own  facts  and  observations ;  nor  yet  with 
his  style  of  writing,  which  is  sometimes  very  diffiise.  Still, 
instead  of  having  as  was  expected,  to  pause  at  each  step  of  the 
author's  progress,  and  dissert  upon  his  views  upon  this  or  that 
particular  branch  of  his  subject,  the  observations  of  the  com- 
mentator must  of  necessity  be  restricted  in  a  great  degree  to 
an  indication  of  such  parts  of  the  work  as  in  his  judgment 
are  the  most  valuable  and  instructive,  together  with  such  in- 
cidental objections  as  appear  to  be  of  sufficient  hnportance  to 
require  stating  at  length. 

The  chemical  portion  of  the  work  is  of  mestimable  value, 
and  conducted  with  consummate  skill  and  knowledge ;  and 
with  a  minuteness  and  accuracy  perfectly  unexampled.  At 
the  same  time  the  results  of  the  writer's  researches,  as  well 
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as  the  means  and  processes  by  which  these  results  were  ob- 
tainedy  are  di^layed  with  such  absolute  perspicuity  as  to  be 
intelligible  and  instructive  to  every  agricultural  inquirer,  how- 
ever superficial  his  previous  acquaintance  may  be  with  the 
details  of  chemical  science. 

Nothing  from  the  pen  of  the  Editor  could  throw  additional 
light  upon  the  Author's  concise  and  most  interesting  elucida- 
tion of  vegetable  physiology :  his  exposition  is  at  once  mas- 
terly and  complete,  and  contains  much  that  is  both  valuable 
and  new.  And  even  when  the  novelty  of  the  facts  which  he 
adduces,  or  the  originality  of  the  inferences  deduced  and  un- 
folded may  admit  of  question,  they  are  still  deserving  of  the 
most  respected  attention  from  the  new  and  striking  lights 
in  which  he  presents  them  to  the  agricultural  reader,  and 
the  clear  and  convincing  way  in  which  he  demonstrates 
their  inter-dependency  and  their  most  intimate  connexion 
with  many  of  the  most  important  pecuniary  and  pro- 
fessional interests  of  the  cultivator.  Every  intelligent  farmer 
will  find  his  account  not  merely  in  a  repeated  perusal  of  this 
portion  of  the  work,  but  in  regarding  it  as  a  text- book  and 
manual  to  be  kept  by  him  for  permanent  reference  and  con- 
sultation. 

The  arrangement  of  the  subject,  naturally  and  judiciously 
adopted  by  the  writer,  presents  the  consideration  of  soils  as 
the  first  topic  for  the  observations  of  the  agricultural  com- 
mentator ;  but  on  this  head  the  distinguished  author  is  so 
thoroughly  explanatory  and  judicious,  that  nothing  is  lefl  for 
the  Editor  but  to  acquiesce,  to  approve,  and  to  recommend 
him  with  admiring  confidence  to  the  patient  consideration  and 
study  of  the  intelligent  inquirer. 

At  page  335  the  subject  of  manures  is  taken  up,  and  dis- 
cussed with  characteristic  minuteness  through  many  succeed 

ing  pages. 
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It  may  perhaps   be   objected,   that   the   various  theories 
respecting  the  origin,  nature,  efficacy,  and  relative  natiu^  of 
the  different  manures  in  use,  as  well  as  the  various  modes  of 
their  production,  concoction,  and  application,  which  M.  Boussin- 
gault  has  here  collated  and  elucidated,  contain  nothing  new ; 
that  they  have,  in  &ct,  under  one  form  or  other,  been  long 
familiar  to  practical  men ;  but  without  impugning  the  justness 
of  this  opinion,  the  Editor  has  long  been  convinced  that  the 
subject  has  received,  generally,  far  less  care  and  attention  than 
it  so  eminently  deserves ;  and  in  short,  that  it  is  much  ne- 
glected by  many  who  are  accounted  not  merely  intelligent, 
but    scientific    agriculturists;    and    while    admitting    that 
much  valuable  information  has  been  frequently  given  to  the 
agricultural  world   by  the  repeated  experiments   of  several 
enterprising  individuals  both  in  Scotland  and  England,  he  still 
most  urgently  recommends  a  careful  study  of  this  part  of  the 
work,  which  will  probably  lead  the  reader  to  the  conclusion 
that  the  methods  and  practice  recommended  by  the  Author 
are,  upon  the  whole,  those  best  worthy  of  adoption.    In  pages 
340  and  34 1  will  be  found  some  very  urgent  warnings  against 
what  he    (M.    Boussingault)    regards    as  the  prevalent   and 
pernicious  custom  of  turning  dung-heaps  "  frequently."      If, 
however,  by  the    term   "frequently"  a   course   not  exceed- 
ing three  complete  turnings  of  the  heap  be  comprehended,  the 
Editor  can  by  no  means  coincide  with  this  opinion  ;  a  long 
experience  having  convinced  him  that  there  are  many  circum- 
stances under  which  the  Author's  recommendations  would  be 
found  not  merely  over  cautious,  but  positively  injurious.     For 
drill  crops,  for  instance,  when  it  happens  that  the  farm  dung 
is  somewhat  rough,  which  must  generally  be  the  case  towards 
the  dose  of  every  season,  when  the  animal  dejections  are 
scanty  and  the  great  bulk  of  the  already  ripened  manure  has 
been  carried  out  upon  the  land,  and  the  fresh  additions  have 
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not  had  the  advantage  of  being  compounded  with  matter 
already  concocted,  an  extra  turning  is  very  advantageous. 

Every  farmer  will,  of  course,  turn  his  heap  .once,  for  the 
purpose  of  thoroughly  mixing  the  various  ingredients  and 
different  qualities  of  manure  which  it  contains;  the  extra 
turning,  even  admitting  that  it  may  to  a  certain  extent  pro- 
mote the  over  decomposition  of  the  manure,  and  dissipate  the 
ammoniacal  principles  which  it  is  important  to  preserve,  is 
not  attended  with  so  great  a  loss  in  this  respect  as  that  which 
is  inevitable  from  keeping  open  the  drill  by  the  application  of 
coarse  dung,  which  cannot  fail  to  be  attended  with  a  most 
serious  loss  of  the  more  volatile  principles,  sometimes  even 
laying  the  manure  quite  bare,  and  in  the  case  of  turnips,  not 
only  materially  obstructing  the  operation  of  sowing  but  often 
giving  a  false  bed  to  the  seed. 

Our  Author  brings  forward  the  authority  of  several  eminent 
inquirers  in  support  of  his  own  favourite  view  of  the  use  of 
fresh  or  unfermented  manure ;  but  however  plausible  their 
theories  may  appear,  and  however  just  may  be  their  views  in 
the  abstract,  there  are  many  intermitting  circumstances  con- 
nected with  the  general  economy  of  a  farm,  which  must 
govern  and  determine  their  adoption,  and  in  which  the 
practical  cultivator  must  be  guided  by  his  own  judgment  alone. 

To  the  Author's  6th  chapter  the  reader  may  be  advanta- 
geously referred,  as  containing  a  very  full  and  valuable  descrip- 
tion and  discussion,  under  the  head  of  mineral  manures,  of  the 
different  varieties  of  the  dass  usually  denominated  stimulants, 
and  concluding  with  a  brief  but  lucid  and  interesting  account 
of  Water,  considered  as  an  agent  of  vegetation,  and  of  its 
importance  for  manuring  purposes. 

The  composition  and  preparation  of  liquid  manures,  as  well 
as  the  various  means  of  procuring  and  preserving  them,  will 
be  found  to  have  engaged  much  of  the  Author's  attention ; 
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and  he  justly  points  to  the  rapidity  of  their  ameliorating  action 
as  a  peculiar  excellence,  not  otherwise  attainable ;  at  the  same 
time  admitting  that  in  the  majority  of  cases,  the  great 
and  unavoidable  expense  attending  their  application,  however 
moderate  may  be  the  prime-cost  of  the  material,  has  always 
operated  as  an  insuperable  obstacle  to  their  general  adoption. 
In  the  justice  of  this  vital  objection ,  most  practical  agricultu- 
rists who  have  used  them  to  any  extent,  will  readily  concur ; 
and  it  will  not  be  uninteresting  to  the  reader  to  learn  that 
there  is  reason  to  believe  that  it  will  henceforth  be  eflfectually 
obviated  by  the  use  of  a  very  simple  and  convenient  apparatus, 
devised  by  Mr.  Smith  of  Deanston,  a  zealous  and  able  friend 
of  agriculture,  who  at  the  Highland  Society's  meeting  at 
Glasgow  in  autumn  last,  explained  the  details  of  his  con- 
trivance; and  the  Editor  has  reason  to  suppose  that  the 
particulars  will  be  given  in  a  report  of  the  proceedings  of  the 
meeting,  in  the  forthcoming  January  publication  of  the 
Highland  Society's  Transactions. 

The  Editor  is  anxious  to  direct  especial  attention  to  the 
Author's  7th  Chapter,  wherein  he  treats  of  the  organic  and 
inorganic  manures,  and  of  crops ;  of  the  elements  of  manures 
and  of  crops,  with  their  relations  inter  «c,  &c. — a  section  of 
the  work  which  presents  in  synopsis,  a  more  copious  and 
complete  body  of  new,  interesting  and  important  facts,  of  a 
nature  more  valuable  to  the  practical  farmer,  than  has  ever 
been  collected  in  any  previous  treatise  on  agricultural  science. 
The  great  mass  of  this  invaluable  information  is  condensed,  as 
it  were,  for  practical  reference,  and  displayed  in  copious  and 
elaborate  tabular  data — a  form  which,  though  not  attrac- 
tive, has  enabled  the  writer  to  comprise  within  succinct 
and  manageable  limits,  a  quantity  of  instruction  which,  in  a 
more  discursive  shape,  must  have  distended  the  work  to 
double  its  actual  size.     The  tables  adverted  to,  present  not 
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merely  the  results  of  multifarious  experiments  iu  illustration 
of  the  important  subject  of  rotation-cropping,  but  also  these 
results  as  especially  affected  by  the  apjdication  of  the  various 
manures  to  which  the  several  experimenters  had  recourse.  The 
rotations  reported  may  appear  strange  and  curious,  and  some- 
times, perhaps,  even  amusing  to  the  farmers  of  England  and 
Scotland  ;  but  not  more  so,  in  all  probability  than  those, 
which  are  followed  in  many  parts  of  our  Island,  would  appear 
to  the  cultivators  of  that  port  of  Europe,  where  our  author's 
agricultural  experiments  have  been  carried  on,  and  where  the 
bulk  of  his  analyses  have  been  obtained :  indeed,  locality  and 
dimate,  and  their  inseparable  concomitants,  will  in  every 
country  be  found  to  prescribe  and  control  the  sorts  of  crops 
which  may  be  rendered  the  most  subservient  to  the  permanent 
advantage  both  pecuniary  and  economical  of  the  husbandman. 
Thus,  with  regard  to  the  Author's  more  didactic  observations 
and  positive  directions  on  the  subject  of  rotations,  there  is  no 
reason  to  doubt  that,  in  relation  to  the  soil,  dimate,  and 
geographical  position  of  the  east  of  France,  where  his 
experimental  course  of  rotations  has  been  conducted,  they  are 
highly  judicious,  and  have  not  been  prescribed  and  recorded 
without  mature  consideration.  Moreover,  thev  are  marked 
like  the  deductions  and  inferences  upon  which  they  are 
founded,  by  his  usual  acumen,  patience,  and  sagadty ;  but 
in  their  application  to  the  more  circumscribed  range  of  culture 
to  which  the  agriculturist  is  limited  in  the  ruder  and  more 
fickle  climates  of  north  and  south  Britam,  the  practice  of 
the  cultivator  must  be  governed  mainly  by  his  own  judgment 
and  experience  in  the  circumstances  by  which  he  finds  himself 
surrounded. 

The  inta^sting  and  ample  instruction  conveyed  in  the 
observations  of  this  acute  and  profound  observer  upon  the 
food  and  alimentary  treatment  of  the  various  spedes  of  cattle, 
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aocompanied  as  they  are  by  minute  details  of  the  results 
obtained  in  the  shape  of  organic  and  inorganic  elements,  can- 
not be  too  urgently  recommended  to  the  attentive  considera- 
tion of  every  one  interested  in  the  important  branch  of  rural 
economy  to  which  they  more  particularly  relate. 

The  Author's  strictures  comprehend  the  economy  of  the  do- 
mestic animals  with  the  exception  of  sheep,  a  subject  from 
which  he  professedly  abstains,  for  the  very  sufficient  reason,  that 
in  his  opinion,  his  opportunities  of  obtaining  accurate  informa- 
tion thereupon  have  not  been  sufficiently  ample  to  enable 
him  to  discuss  it  with  confidence  and  advantage.  His  theory 
in  favour  of  the  superior  fattening  quality  of  hay  and  the 
grasses  in  general  above  that  which  is  found  in  tubers  and 
roots  (though  apparently  supported  by  his  usual  convincing 
appeal  to  experiment)  will  be  received  with  considerable  allow- 
ance by  the  practical  former. 

We  have  many  instances,  in  the  present  day,  of  theories 
ably,  plausibly,  nay  even  satis&ctorily  established,  which  are 
nevertheless  met  by  opposite  results  in  practice;  and  the 
hesitation  which  the  Editor  ventures  to  intimate  upon  the 
particular  point  in  question,  will,  he  doubts  not,  be  readily 
concurred  in  by  many  experienced  feeders.  It  will  be  generally 
admitted  that  the  boiled  or  steamed  potato  possesses  a  much 
higher  nutritive  value  than  that  which  belongs  to  it  when  in  the 
raw  state.  In  the  former  case,  however,  it  requires  to  be 
mixed  with  some  other  root  which  is  not  characterized 
by  the  same  constipating  property,  such  as  beet,  turnips, 
&c. : — ^the  Swede  (Rutabaga),  or  any  of  the  harder  sorts 
of  turnips  form  a  complete  counteractive  to  the  dan- 
gerous constipating  tendency  of  the  boiled  potato  when 
given  alone. 

There  are  many  different  substitutes  or  equivalents  in  the 
shape  of  mashes,  containing  leguminous  ingredients  which  are 
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admitted  to  be  fully  as  nutritious  as  the  potato,  still  there  are 
circumstances  connected  with  market  value  which  render  it  a 
most  valuable  resource  in  farm  alimentation.  The  popular 
notion  that  (when  used  as  the  food  of  horses) ,  the  boiled  or 
steamed  potato  is  what  is  vulgarly  called  '^  soft  meat/'  tend- 
ing to  unfit  them  for  active  work,  is  daily  losing  groimd ;  for 
not  only  is  it  rapidly  getting  into  more  general  use  among 
the  farma:^  of  England  and  Scotland,  but  even  postmasters 
are  adopting  it  for  horses  employed  in  road  work. 

The  Meteorological  section  of  the  volume  will  be  found  no 
less  instructive  to  the  agriculturist  than  fascinating  to  the 
general  reader ;  no  equally  complete  and  extensive  body  of 
new  and  interesting  facts  has  ever  before  been  presented  in 
a  collected  form  to  the  agricultural  world. 

It  will  be  observed  that  the  capital,  the  all-important  subject 
of  Draining,  as  the  great  master-engine  of  agricultural  improve- 
ment, is  merely  touched  upon  by  our  Author  in  a  cursory 
way ;  should  this  excite  a  feeling  of  disappointment,  it  must 
be  borne  in  mind  that  he  has  accomplished  all,  and  more 
than  all,  that  he  proposed  to  himself,  which  was  not  to  write 
a  complete  work  on  practical  tillage,  but  rather  as  his  title 
impUes,  on  *'  Rural  Economy,"  i.  e.,  the  economic  production 
and  application  of  the  produce  of  the  soil  under  the  guidance 
of  chemical  and  physiological  science. 

With  reference  to  the  weights  and  measures  made  use 
of  in  the  original,  it  may  be  proper  to  state,  that  (against 
strong  temptation  to  let  them  stand  as  in  the  French, 
merely  adding  a  table  of  equivalents)  they  have  all  but  in- 
variably been  reduced  into  their  corresponding  quantities 
in  the  English  standards.  Grammes,  in  the  more  de- 
licate experiments,  have  been  reduced  into  grains  troy, 
assummg  the  gramme  as  equal  to  15.438  grains;  in  less 
delicate  eiqperiments,  grammes  have  been    converted   into 
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pennyweights  (dwts.)  and  ounces  troy.  Kilogrammes  are 
given  in  lbs.  avoirdupois ;  and  where  the  quantity  was  large, 
they  are  often  brought  into  tons,  cwts.,  qrs.,  &c. :  the  French 
kilogramme  is  taken  at  2.2  lbs.  avoirdupois.  The  lAtrCy  or 
usual  French  measure  of  liquids  has  been  reduced  into 
pints,  calculating  the  French  measure  at  1.76  pints  English 
imperial  measure.  The  Hectolitre,  employed  in  measuring 
grain  is  rendered  into  bushels,  &c.  estimating  it  at  22  gallons 
English  dry  measure.  The  old  French  Quintal  is  also  some- 
times employed  :  this  measure  of  weight  has  been  either 
reduced  to  its  proper  corresponding  quantity,  1  cwt.,  3  qrs., 
24  lbs.  English,  or  where  odd  numbers  might  be  disregarded, 
it  has  been  called  2  cwts.  The  Are,  or  French  super- 
ficial measure  of  quantity,  has  been  calculated  throughout 
at  120  square  yards  English  ;  the  Hectare  at  2.4  acres 
EngUsL  Metres,  centimetres  and  millimetres  have  been 
reduced  into  English  feet  and  inches,  assiiming  the  metre 
as  equal  to  39.370  inches.  Finally,  and  to  conclude  our  list 
of  reductions,  (would  that  it  had  been  shorter !)  the  degrees 
of  the  centigrade  thermometer  have  been  brought  into  de- 
grees of  the  only  scale  in  fiuniliar  use  among  us,  viz.  Fahren- 
heit's. 

The  labour  of  reducing  these  wei^ts  and  measures  into  their 
English  equivalents  has  been  immense ;  and  errors,  in  spite  of 
the  best  care  which  could  be  exerted,  have  doubtless  in  various 
instances  crept  into  the  reductions.  Slight  discrepancies 
between  aggregate  sums  and  their  component  quantities  will 
also  be  apparent  here  and  there,  an  inexactness  which  arises 
from  the  number  of  decimal  places  not  having  always  been 
carried  out  far  enough. 

Our  Author  oflen  quotes  English  agricultural  writers 
whose  weights,  &c.,  he  has  always  been  at  the  pains  to  reduce 
into  their  corresponding  French  equivalents.     Not  having  at 
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all  times  the  works  referred  to  at  command,  the  Editor  was  com- 
pelled to  bring  back  the  French  weight  or  measure  into  the  cor- 
responding English  one  by  calculation.  Thus  from  not  know- 
ing the  precise  equivalents  adopted  by  M.  Boussingault,  some 
trivial  discrepancy  between  the  computed  and  the  original 
weights,  &c.,  may  have  resulted ;  but  as  the  quantities  that 
have  been  treated  in  this  way  are  especially  important  as 
relative^  scarcely  ever  as  absolute  quantities,  the  error  where  it 
occurs  can  be  of  no  real  consequence. 

In  the  translation  the  Ekiitor  has  endeavoured  (not  always 
with  perfect  success)  to  be  as  little  technical  as  possible,  with 
a  view  to  the  convenience  of  the  general  reader.  Among 
the  faults  of  execution  for  which  he  ventures  to  solicit  the 
agricultural  reader's  indulgence,  is  the  occasional  adoption  of 
terms  which  are  rather  French  than  English.  Many  of  these 
words  are,  in  the  original,  not  merely  technical  but  local  and 
provindal,  and  are  not  inserted  in  any  of  the  dictionaries. 
Moreover,  in  the  description  of  certain  processes  and  opera- 
tions, the  Author  has  occasionally  employed  terms  for  which 
there  is  no  English  equivalent ;  and  the  Translator  had  fre- 
quently no  other  choice  than  that  of  either  leaving  the  sense 
of  the  passage  obscure  and  defective,  or  on  the  other  hand,  of 
adopting  the  barbarisms  in  question,  which  he  fears  will 
scarcely  fail  to  be  offensive  to  the  professional  prepossessions 
of  the  agricultural  reader.  In  a  very  few  places  he  has 
ventured  slightly  to  condense  the  style  of  the  original  in 
order  to  keep  the  volume  within  moderate  dimensions, 
occasionally  throwing  the  information  contained  in  a  table 
into  the  text  or  narrative ;  and  where  the  Author  ap- 
peared to  him  to  be  forgetting  the  rural  economist  in  the 
mere  chemist,  as  where  for  example  he  describes  the  special 
modes  of  preparing  and  purifying  indigo,  &c.  he  has  made  bold 
to  retrench  details,  and  give  the  results  or  conclusions  only. 

h 
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All  analyses  bearing  on  the  practical  subject,  whether  it 
was  the  soil  that  produced,  the  crop  that  was  grown,  or  the 
animal  whidi  fed  on  that  crop,  have  been  scrupulously  re- 
tained In  conclusion,  the  reader  is  particularly  recommended  to 
peruse  an  admirable  little  work,  the  joint  production  of  Messrs. 
Dumas  and  Boussingault,  entitled  in  the  original:  ^'Essai 
de  Statique  Chimique  des  Etres  organist,''  which  has  been 
presented  in  a  dear  English  translation,  under  the  title  of: 
An  Essay  on  the  Chemical  and  Ebysidogical  Balance  of  Or- 
ganic Nature,  and  may  be  regarded  as  a  most  valuable  intro- 
duct(H*y  aid  to  the  perfect  comprehension  of  Boussingault's 
I%ilosophy  of  Agriculture,  and  as  a  key  to  the  more  scientific 
and  technical  pcutions  of  the  work  now  submitted  to  the  publia 

G.  L. 
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RURAL    ECONOMY. 


CHAPTER  I. 

PHYSICAL    PHBNOMBNA   OP   YEOBTATION. ^VBOBTABLB   PHYSIOLOGY. 

The  operations  of  agriculture  having  for  their  object  the  pro- 
duction of  plants  which  are  either  essential  as  food,  or  usef\il  in 
the  suls  and  industrial  processes  of  man,  it  is  well  to  begin  with 
a  summary  view  of  the  principal  organs  of  which  vegetables  are 
composed ;  and  by  the  instrumentality  of  which,  under  certain 
influences  which  we  shall  seek  to  appreciate,  all  the  phenomena 
of  their  existence  are  manifested. 

Plants  fixed  in  the  soil  by  their  roots,  live  in  the  atmosphere 
by  the  concurrence  of  their  green  parts  under  the  combined  actions 
of  light,  heat,  and  moisture.  We  shall  by  and  by  ascertain  at 
the  cost  of  what  elements,  and  under  what  conditions,  their 
growth  and  complete  development  are  accomplished. 

The  seed,  which  is  the  final  result  of  vegetable  life,  and  of 
which  the  aim  is  the  reproduction  and  multiplication  of  the 
species,  should  first  receive  our  attention.  The  seed  is,  if  we 
may  so  speak,  the  starting  point  of  all  husbandry ;  it  is  with  very 
few  exceptions  the  first  point  on  which  the  industry  of  the 
fiomer  exerts  itself. 

Nature,  to  insure  the  preservation  of  seeds,  has  had  recourse 
to  infinite  care  and  foresight,  which  are  in  some  measure  an 
assurance  of  their  importance.  The  seed  is  often  placed  in  the 
middle  of  an  abundant  fleshy  pulp,  which  serves  to  afford  it 
nourishment  or  manure  at  the  time  of  its  fiiture  development. 
Sometimes,  as  in  leguminous  plants,  it  is  lodged  between  thick 
tod  tough  membraneSp  ar  is  covered  with  hard  but  flexible  scales, 
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as  in  the  gramineous  plants ;  or  again  it  is  enveloped  in  a  woody 
substance  of  extreme  hardness,  as  in  stone  fruits. 

Nature  does  not  shew  herself  less  provident  in  furnishing 
means  for  scattering  seeds,  and  propagating  v^table  species  at 
great  distances.  There  are,  indeed,  seeds  which,  furnished  with 
light  silky  plumes  or  wings,  flutter  in  the  air,  and  are  transported 
afar  by  the  winds.  Others  by  means  of  a  viscous,  hard,  imper- 
meable envelope  float  on  rivers,  and  descend  their  courses  without 
suffering  the  slightest  change,  or  losing  their  germinating  power. 
There  are  seeds  again  of  a  sufliciently  coherent  texture  to  resist 
the  digestive  action  of  the  stomachs  of  animals  that  feed  on  the 
fruits  which  contain  them,  and  which  are  consequently  often 
found  deposited  at  great  distances  from  the  plant  which  produced 
them;  they  are  thus  frequently  dropped  to  germinate  and 
flourish  at  the  tops  of  the  steepest  mountains,  By  these  admi- 
rable provisions  of  nature  then,  the  air,  the  water,  and  even 
animals  themselves  become  the  vehicles  by  which  the  migration 
of  various  v^table'species  over  the  surface  of  the  globe  is  effected. 

We  distinguish  in  seeds  the  kernel,  and  the  int^ument 
which  covers  or  incloses  it.  In  the  kernel,  the  embryo  exists, 
which  as  its  name  indicates  is  destined  to  reproduce  the  plant  of 
which  the  seed  is  the  issue.  The  embryo  is  formed  of  several 
essential  parts: — 1st.  of  the  radicle;  2nd.  of  the  gemmule, 
plumule,  or  rudiment  of  the  stem,  which  by  its  extension  en- 
genders the  organs  that  are  to  vegetate  above  the  groimd ;  3rd. 
of  cotyledons  which  form  the  greatest  portion  of  the  kernel,  and 
which  are  destined  to  support  the  plant  during  the  first  periods 
of  its  existence. 

In  most  cases,  the  cotyledons  are  formed  of  two  lobes  which 
separate  during  the  act  of  germination.  The  plumule  presents 
itself  under  the  form  of  a  little  white  point  which  penetrates  into 
the  interior  of  both  cotyledons.  The  radicle  is  of  a  slightly  conical 
shape,  and  is  first  seen  when  it  projects  externally  fi-om  the  seed. 

The  seeds  of  gramineous  plants  do  not  separate  into  two  parts  at 
the  conmiencement  of  their  indepedent  existence.  They  are,  in  fact, 
seeds  which  have  but  a  single  cotyledon.  As  plants  which  spring 
fi*om  seeds  of  one  or  of  more  cotyledons  present  capital  diffe- 
rences in  their  organisation  at  large,  and  mode  of  development. 
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botanists  have  established  two  grand  divisions  among  them  into 

monocotyledonous  vegetables,  and  dicotyledonous  or  polycotyle- 
donous  vegetables. 

When  the  seed  is  gathered  in  its  state  of  perfect  maturity  it  is 
completely  inert,  its  vital  functions  are  wholly  suspended,  and  it  may 
be  kept  often  for  a  very  long  time  without  being  made  to  grow. 

The  length  of  time  during  which  seeds  may  be  kept,  however, 
varies  extremely,  according  to  the  species.  There  are  plants,  for 
instance,  the  seeds  of  which  preserve  for  an  indefinite  period 
their  germinative  power ;  there  are  others,  on  the  contrary,  which 
lose  it  very  speedily. 

From  various  observations  which  appear  to  deserve  every  con- 
fidence, the  seeds : — 

Of  Tobaoco  have  germinated  after  having  been 

kq>tfor 10  years. 

„  Stramonium 25  „  (Duhamel.) 

»i  the  Sensitive  plant 60  ,, 

„  Wheat 100  „  (Pliny.) 

..  Wheat 10  „  (Duhamel.) 

„  Melons 41  „  (Friewald.) 

Cucumbers 17  „  (Roger  Galen.) 

Haricots 33  o 

Idem  100  „  (Gerardin.) 

'.  Rape  17  „  (Lef^bure.) 

».  Rye  140  „  (Home.) 

The  seeds  of  the  coffee  plant  are  perhaps  those  which  lose  the 
property  of  germinating  most  speedily  ;  planters  are  well  aware 
that  they  must  be  sown  almost  immediately  after  they  are  taken 
fix)m  the  bush.  Oleaginous  seeds  are  generally  preserved  with 
great  difficulty,  so  also  are  those  of  rubiaceous  plants,  of  the 
laurels,  myrtles,  &c.* 

In  practical  agriculture  there  is  always  much  advantage,  and 
additional  security  in  sowing  the  most  recent  seed,  even  of 
kinds  which  are  known  to  be  the  longest  lived.  It  frequently 
happens,  even  after  a  very  short  time,  that  a  certain  proportion 
of  these  seeds  die :  they  have,  perhaps,  not  been  gathered  under 
circumstances  fevourable  to  their  complete  preservation.     It  is, 

*  Decandolle,  Physiology*  page  622. 
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therefore,  only  when  he  is  compelled  to  do  so,  that  the  farmer 
trusts  wheat  to  the  ground  which  has  been  gathered  in  former 
years ;  and  experience  has  proved  that  in  using  such  seed,  it  is 
necessary  to  increase  very  considerably  the  quantity  sown. 

The  inactivity  of  the  seed  ceases  so  soon  as  it  is  brought  into 
contact  with  water  and  the  air  under  the  influence  of  a  sufficient 
temperature.  Sown  in  moist  earth,  a  seed  absorbs  water,  and  swells 
considerably ;  the  pellicle  which  covers  it  becomes  distended,  and 
ends  by  bursting ;  the  radicle  and  the  plumule  appear,  and  be- 
come more  and  more  distinct ;  the  root  penetrates  the  ground ; 
the  plumule  by  and  by  grows  into  a  stalk  which  gets  greener  and 
greener,  increases  rapidly,  and  augments  the  number  of  its  leaves, 
so  that  the  young  plant  acquires  vigour  every  day.  At  a 
certain  period,  flowers  appear ;  and  these  are  succeeded  by  fruit, 
the  final  term  of  which  is  the  maturity  of  the  seed.  The  phe- 
nomena of  vegetation  then  cease.  The  whole  of  the  organs  of 
annual  plants  now  wither  and  die;  the  work  of  reproduction, 
of  multiplication  is  accomplished.  Thus  begins  and  ends  the 
existence  of  the  plants  which  are  the  usual  subjects  of  our 
husbandry. 

With  regard  to  biennial  plants  and  trees,  which  possess  more 
than  this  ephemeral  existence,  things  pass  differently.  The  plant 
vegetates  so  long  as  the  temperature  of  the  atmosphere  and 
moisture  of  the  soil  are  favourable  to  it ;  during  the  cold  season 
the  leaves  fall,  and  the  growth  is  suspended;  but  the  plant 
revives  anew  on  the  return  of  spring.  Those  vegetables,  the 
stem  of  which  is  generally  ligneous,  and  whose  roots  penetrate 
deeply  into  the  ground  have  a  power  of  resisting  cold,  and  brave 
the  i-igours  of  the  winter.  In  these  latitudes,  the  renewal  of  the 
vegetation  of  trees  in  the  spring  presents  an  obvious  analogy 
to  the  process  of  germination :  the  evolution  of  the  buds  re- 
presents this  process  very  closely ;  and  the  phenomena  at  large, 
which  we  observe  in  annual  plants,  are  for  the  major  part  re- 
produced:— ^there  is  increase  of  size  in  the  stem  and  root,  sprout- 
ing of  leaves,  inflorescence,  ripening  of  fruits,  production  of  seeds, 
and  then  suspension  of  function. 

In  the  tropics,  where  the  temperature  is  nearly  uniform 
throughout  the  year,  vegetation  goes  on  without  interruption; 
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it  only  varies  in  its  vigour,  and  this  is  determined  by  the  abun- 
dance or  the  paucity  of  rains  and  dews.  The  leaves  which  have 
concurred  in  the  production  of  the  fruit,  and  in  perfecting  the 
seed,  fall  as  it  were  exhausted ;  but  they  are  soon  replaced, 
and  their  fall  is  only  perceived  by  their  presence  on  the  surface 
of  the  ground. 

The  perfect  plant,  therefore,  whether  it  be  studied  among 
annuals,  or  among  trees  that  endure  for  a  century,  has 
analogous  organs,  destined  to  fulfil  the  same  functions,  to  con- 
duce to  the  same  end — the  reproduction  of  the  seed.  These 
organs,  which  we  shall  study  in  succession :  are,  1  st.  The  roots ; 
2nd.  The  stem ;  3rd.  The  leaves ;  4th.  The  appendages  of  the 
fructification. 

When  we  follow  the  progress  of  a  seed  set  in  a  proper  soil, 
we  observe  that  from  their  very  first  appearance,  the  roots  seek 
or  tend  towards  the  interior  of  the  earth ;  the  plumule,  or  young 
stem,  on  the  contrary,  takes  a  direction  diametrically  opposite ; 
it  grows  vertically  and  seeks  the  air. 

The  lateral  shoots  in  herbaceous  plants,  and  the  young  branches 
of  shrubs  form  various  angles  with  the  principal  stem  or  trunk. 
The  first  tendency  of  the  branches  is  to  rise  vertically ;  but  as 
they  gain  length  and  weight,  they  bend  more  or  less  down- 
wards yielding  to  the  power  of  gravitation.  Mr.  Knight 
shewed,  by  a  series  of  ingenious  experiments,  that  the  direction 
taken  by  the  roots  and  branches  is  mainly  due  to  this  force. 

This  able  observer  arranged  a  wheel  of  wood  in  such  a  way 
that  he  could  make  it  turn  with  different  velocities  in  planes 
variously  indmed  to  the  horizon.  The  wheel,  which  was  kept 
in  motion  by  a  stream  of  water,  could  be  made  to  revolve  verti- 
cally or  horizontally  at  will. 

A  number  of  beans  were  planted  upon  the  circumference  of 
the  wheel,  in  circumstances  known  to  be  indispensable  to  their 
germination  and  growth.  By  giving  the  wheel  a  sufficient  velo- 
city, it  was  easy  to  make  the  centrifugal  force  greater  than  the 
oentripetal  force.  In  Mr.  Knight's  apparatus,  this  happened  when 
the  wheel  in  the  vertical  plan  performed  one  hundred  and  fifly  re- 
volutions in  a  minute.  The  whole  of  the  radicles  were  then  seen 
to  turn  their  suckers  beyond  the  circumference  in  lines  which  were 
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prolongations  of  the  radii  of  the  wheel,  and  their  growth  took 
place  in  planes  perpendicular  to  its  axis. 

The  stems  took  a  completely  opposite  direction,  and  after  a 
time  their  summits  attained  the  centre  or  axis  of  the  wheel 

In  causing  the  wheel  to  revolve  in  a  horizontal  plane,  the  same 
effects  were  still  observed,  when  the  rapidity  of  rotation  was 
sufficient  to  annul  the  action  of  terrestrial  gravitation.  But 
when  the  motion  was  so  far  diminished,  as  merely  to  modify 
or  to  lessen  the  force  of  attraction,  without  entirely  annulling 
it,  the  plant  took  a  course  comprised  in  a  plane  which  formed 
a  certain  angle  with  the  circumference  of  the  wheel.  With  a 
certain  velocity,  the  roots  were  inclined  1 0°  below  the  horizontal 
plane  in  which  the  wheel  moved,  and  the  stems  then  formed  an 
angle  of  the  same  magnitude  above  the  same  plane.  The 
angle  of  deviation  formed  in  this  position  of  the  wheel  was 
always  smaller  in  proportion  as  the  rapidity  of  rotation  was 
greater. 

Now,  since  gravitation  influences  the  position  which  vegeta- 
bles present,  as  these  beautiful  experiments  of  Mr.  Knight 
demonstrate,  a  practical  conclusion  which  seems  to  follow  from 
the  fact  is  this,  that  the  number  of  plants  which  may  be  placed 
upon  a  certain  extent  of  soil,  does  not  depend  solely  on  the 
extent  of  surface ;  and  that  the  power  of  production  of  a  field 
which  is  very  much  sloped,  does  not  exceed  its  horizontal 
projection.  With  r^ard  to  creeping  plants,  and  with  reference 
to  meadows,  it  is  dear  that  this  principle  is  not  rigorously 
exact ;  but  in  so  far  as  plants  with  isolated  stems  are  concerned, 
many  agricultural  philosophers,  and  among  the  number  Davy,* 
have  admitted  it  as  perfectly  indisputable.  This  opinion  as  M. 
Corrardf  has  judiciously  observed,  is  founded  on  the  geometrical 
principle,  which  in  itself  is  perfectly  true,  that  an  inclined  plane 
cannot  be  cut  by  a  greater  number  of  vertical  perpendiculars 
of  a  determinate  thickness,  than  the  horizontal  plane  which 
serves  it  for  a  base.  Thus,  says  Corrard,  as  buildings  which  rest 
on  an  inclined  plane  are  raised  perpendicularly  to  the  horizon, 
it  has  been  concluded  that  an  inclined  plane  can  hold  no  larger 

*  Agricultural  Chemistry,  vol.  i. 

t  B.  Corrard,  Verbandel.  von  der  Maatsch.  te  Haarlem,  vol.  xt.  p.  308. 
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an  extent  of  buOding  than  would  the  horizontal  plane  which 
it  covers ;  so  that  inclinations  of  surface  do  not  actually  add  to 
the  extent  of  towns.  It  is  further  a  matter  of  absolute  cer- 
tainty, that  as  rain  falls  verticaUy,  the  quantity  of  water  collected 
upon  the  eaves  of  a  house  is  precisely  the  same  as  that  which 
would  be  guaged  in  the  same  place  upon  a  horizontal  surface, 
equal  to  that  of  the  building.  But  we  should  very  much  deceive 
ourselves,  adds  Corrard,  if  upon  the  same  principle  we  inferred 
that  on  the  surface  of  an  inclined  plane  we  could  not  have  a 
tree  more  than  upon  the  much  smaller  horizontal  plane  which 
serves  as  its  base. 

For  although  plants  grow  perpendicularly  to  the  horizon, 
and  may  in  this  respect  be  considered  as  so  many  vertical  per- 
pendiculars or  laminse,  still  from  circumstances  which  are  peculiar 
to  them,  we  cannot  here  apply  with  propriety  the  geometrical 
principle  in  question.  Because  to  make  the  application  exact, 
it  were  necessary  to  suppose  that  plants  required  no  space 
around  them  to  thrive,  and  that  the  whole  surface  of  the 
ground  might  be  covered  with  their  stems  without  any  space 
being  lefl  between  them,  and  without  this  proximity  interfering 
with  then-  growth  and  vigour. 

But  such  a  supposition  is  impossible,  inasmuch  as  it  is 
absolutely  necessary  that  plants  should  have  a  certain  amount 
of  space  both  in  the  ground  and  in  the  atmosphere,  in  which 
to  extend  their  roots  and  stretch  forth  their  branches.  Sup- 
posing, therefore,  the  inclined  plane  to  be  of  considerably 
greater  extent  than  the  horizontal  plane  which  supports  it, 
it  will  necessarily  afford  to  a  larger  niunber  of  plants,  the  spaces 
which  their  roots  require  for  their  growth  and  nourishment.  In 
other  words,  upon  the  inclined  surface  there  will  be  a  larger 
quantity  of  vegetable  earth,  and  more  of  the  nutritious  juices 
&vourable  to  vegetation ;  and  for  these  reasons  the  space  which 
must  always  exist  between  plants  may  be  less  than  on  the 
horizontal  plane.  Consequently  all  the  conditions  necessary  to 
fertility  bemg  assumed  as  equal,  the  inclined  plane  will  be 
capaUe  of  supporting  a  larger  number  of  vegetables  having 
Totical  steins  than  the  horizontal  plane. 

The  (uganization  of  different  parts  of  plants,  so  worthy  in 
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an  respects  of  exercising  the  sagacity  of  pbysiologists,  need  not  be 
made  a  subject  of  minute  research  in  this  place.  Generalities 
suffice  in  our  agricultural  science.  This  organization^  howeyer 
complex  it  is  in  appearance,  is  probably  much  more  simple  than 
is  usually  believed ;  we  might  perchance  find  the  prool  of  this 
simplicity  in  the  readiness  with  which  organs,  the  most  dis- 
similar in  their  external  forms  and  so  different  in  their  func- 
tions, undergo  modification  and  transformation  one  into  another, 
it  might  almost  be  said  at  the  will  of  the  observer.  Thus 
tubers,  those  fleshy  amylaceous  bodies^  which  accumulate  on 
the  subterranean  stems  of  certain  vegetables,  such  as  the  potatoe, 
give  birth  to  a  plant  which  differs  in  nothing  from  that  which 
would  arise  fi*om  the  seed  of  the  same  vegetable.  Certain 
leaves, — ^those  of  the  orange,  of  the  ficus  elastica,  &c.,  will 
do  the  same.  Woody  stems,  branches  severed  fix)m  the  tree 
and  planted  in  the  ground,  produce  roots  and  become  inde- 
pendent plants.  If  the  branches  of  certain  shrubs  be  buried, 
and  their  roots  be  exposed  to  the  air,  these  last  are  soon  seen 
covered  with  buds  and  leaves ;  whilst  the  buried  branches  ac- 
quire a  fibrous  capillary  structure,  and  in  no  great  length  of  time 
they  both  present  the  appearance  and  exercise  the  functions  of 
roots.  This  singular  mutation  readily  succeeds  with  the  willow, 
and  it  was  upon  this  plant  that  the  English  vegetable  physio- 
logist, Woodward,  effected  it  for  the  first  time.* 

The  intimate  structure  of  the  roots,  trunk  and  branches, 
present  considerable  similarity.  Divided  perpendicularly  to 
their  longitudinal  axis,  three  different  zones,  so  dissimilar  that 
it  is  impossible  to  confound  them,  are  discovered  in  the 
different  concentric  layers  which  make  up  their  mass;  these 
are  the  bark,  the  wood,  and  the  priH.  A  more  careful 
examination  shews  that  each  of  these  zones  may  be  further 
subdivided. 

The  exterior  of  the  bark  is  covered  by  an  extremely  thin,  nearly 
transparent  and  porous  pellicle,  formed  by  an  assemblage  of  little 
adherent  scales ;  this  is  the  cuticle,  or  epidermis  which  encloses 
the  entire  vegetable.  As  it  is  extensible  within  certain  narrow 
limits  only,  it  gives  way  and  cracks  in  proportion  as  the  body 

*  Dayy'8  Agricultural  ChemiBtry* 
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of  the  tree  increases  in  size.  The  pores  of  the  epidermis  are 
minute  openings  or  mouths  which  communicate  with  the  exte- 
rior by  an  oval  orifice,  surrounded  by  a  kind  of  contractile 
margin.  It  has  been  remarked  that  moisture  tends  to  dose 
these  pores,  and  that  drought  and  the  action  of  solar  light  tepd 
on  the  contrary  to  make  them  open.  The  chemical  nature 
of  the  cuticle  which  covers  the  bark  appears  to  indicate  that  it 
is  destined  to  defend  the  plant  against  the  too  direct  action  of 
external  influences.  In  certain  trees,  the  cuticle  is  covered  with 
wax  or  resin.  The  most  remarkable  example  of  this  kind, 
which  can  be  quoted,  is  that  of  the  wax  tree  (ceroxilon 
andicola)  which  grows  abundantly  upon  the  slopes  of  the  Andes. 
This  tree  (a  palm)  which  attains  a  height  of  between  130 
and  1 64  English  feet,  is  covered  over  the  whole  surface  of  its 
trunk  with  a  mixture  of  wax  and  resin.*  In  gramineous 
plauts,  the  epidermis  is  almost  entirely  formed  of  silica.  The 
bark  of  the  birch  tree  is  covered  with  a  pellicle  of  an  unctuous 
nature,  capable  under  the  agency  of  nitric  acid  of  yielding 
a  peculiar  suberic  (the)  acid.t 

After  the  epidermis,  in  going  firom  the  circumference  towards 
the  centre,  a  layer  of  cellular  tissue  appears,  which  is  designated  by 
many  physiologists  under  the  name  of  the  herbaceous  envelope. 
In  the  cork  oak,  the  cork  represents  the  tissue  by  which  the 
Uber  or  true  bark  is  covered,  an  organ  formed  of  a  vascular  tissue, 
which  with  care  can  be  separated  into  numerous  very  thin  flakes 
or  layers,  which  have  been  aptly  compared  to  the  leaves  of  a  book. 

The  origin  of  the  Uber,  or  bark,  is  found  in  the  most  cen- 
tral part  of  the  trunk;  it  is  the  result  of  the  exudation  of 
the  woody  parts,  as  Duhamel,  with  the  same  wonderflil  sa- 
gacity which  characterizes  all  his  works,  has  proved.  Having 
cat  away  a  portion  of  the  bark  of  a  tree  in  fuU  vigour, 
and  taken  care  to  preserve  the  incision  from  contact  with  the 
air,  he  perceived  that  firom  the  surface  of  the  wood  laid 
bare,  and  the  edges  of  the  bark  adhering  to  it,  a  viscuous 
matter  exudes,  which  accumulates,   acquires  consistency  and 


*  Bousangault,  sorle  Palmier  2i  cire. 
nkpe,  t«  t6ie,  t.  59.  p.  19. 
t  Frank  Ae  obtenratioiiB  of  M.  ChevreuL 
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ends  by  becoming  cellular^  thus  regenerating  the  liber  which  had 
been  taken  away.  Grew  called  this  viscous  secretion  cambium^ 
a  title  which  it  stiU  retains.  It  is  now  generally  admitted  that 
cambium  proceeds  from  the  descending  sap. 

The  liber  is  a  very  important  organ  in  v^etables ;  we  know 
for  instance  that  it  is  necessary  (oar  the  success  of  a  graft,  that 
its  liber  penetrate  or  be  penetrated  by  that  of  the  tree  on  which 
it  is  grafted. 

The  woody  layers  are  situated  under  the  liber.  Those  which  are 
at  the  greatest  distance  from  the  axis  of  the  trunk,  although 
they  present  the  fibrous  structure,  and  the  principal  characteris- 
tics of  the  woody  tissue,  still  differ  from  it  in  being  less 
hard  and  less  tenacious ;  this  zone,  which  at  the  first  glance  is 
easily  distinguished  from  the  wood  properly  so  called,  is  the 
aUmmum^  the  soft  or  false  wood.  Its  fibres  are  much  looser, 
and  its  colour  paler  than  that  of  the  wood  beneath  it,  the  diffe- 
rence of  shade  being  particularly  apparent  in  the  dye  and  deeply 
coloured  woods. 

The  albummn  becomes  harder  and  tougher  with  age,  and 
passes  into  the  woody  tissue,  the  duramen  or  hard  wood, 
properly  so  called.  The  wood  begins  where  the  alburnum 
terminates,  and  reaches  to  the  centre,  to  the  pith  or  medullary 
canaL 

In  dicotyledonous  trees,  a  certain  quantity  of  wood  is  formed 
during  vegetation  at  the  expense  of  the  alburnum ;  whilst  on 
the  opposite  side  towards  the  bark,  the  alburnum  increases  in 
about  an  equal  proportion :  so  that  in  our  climates,  the  alburnum 
grows  each  year  fix)m  a  new  concentric  layer ;  but  in  tropical 
countries,  where  the  dicotyledonous  trees  vegetate  without  interrup- 
tion, the  annual  concentric  layers  are  scarcely  perceptible.  To 
prove  the  conversion  of  alburnum  into  woody  tissue,  Duhamel 
inserted  a  metallic  wire  into  it  in  several  places.  At  the  end  of 
a  few  years  he  found  that  the  wire  had  become  engaged  in  the 
proper  woody  layers. 

The  most  central  zone  of  the  trunk  or  stem  is  traversed  by 
the  medullary  canal  or  sheath,  which  is  usually  filled  with  the 
pith,  a  diaphanous  spongy  matter,  consisting  almost  entirely  of 
cellular  tissue. 


PALMS.  1 1 

The  pith  sends  ramifications  towards  the  external  parts  of  the 
trunk.  Its  use  is  not  exactly  determined ;  and  notwithstanding 
the  high  purposes  ascribed  to  it  by  some  physiologist!?,  we  have 
many  reasons  for  believing  that  its  functions  are  not  of  great 
importance.  Experiment  proves,  in  fact,  that  the  pith  may  be 
removed  from  young  trees  without  killing  them,  without  even 
stopping  their  growth.  One  of  the  least  unquestionable  offices 
assigned  to  the  pith,  is  that  of  its  being  a  reservoir  for  moisture 
with  which  it  supplies  the  plant  in  times  of  drought,  and  when 
the  ground  does  not  furnish  a  sufficient  quantity  of  water. 

The  internal  structure  and  progressive  development  of  the 
stem  of  monocotyledonous  plants  differs  essentially  from  those 
which  we  have  just  been  describing  in  connection  with  dico- 
tyledonous plants. 

If  a  perpendicular  transverse  section  of  the  trunk  of  a 
palm  tree  be  examined,  the  same  arrangement  of  zones 
which  is  observed  in  the  dicotyledonous  plants  of  our  climates 
will  not  be  perceived.  The  r^ops  of  the  outer  bark,  of  the 
liber  or  true  bark,  of  the  alburnum,  and  of  the  wood,  forming  so 
many  concentric  circles  round  a  canal  which  is  their  com- 
mon centre  are  no  longer  distinguishable.  The  trunk  of  the 
palm  tree  presents  a  more  homogeneous  appearance.  The  pith 
is  disposed  through  the  whole  substance  of  the  stem,  and  the 
woody  tissue,  presenting  a  fibrous  texture  disposed  longitudi- 
nally, is  found  intimately  mixed,  or  felted,  as  it  were,  with  the 
medullary  substance.  The  bark,  if  there  be  any,  is  always 
very  indistinct ;  sometimes  reduced  to  a  simple  epidermis,  it  is 
with  difiiculty  distinguished  from  other  parts  of  the  trunk.  In 
the  beginning,  and  when  it  first  appears  above  the  ground,  a 
palm  tree  puts  forth  a  system  of  leaves,  the  adhering  extremi- 
ties of  which  are  attached  in  the  same  plane,  and  usually  sur- 
round the  neck  of  the  root.  At  the  second  shoot,  a  system 
similar  to  the  preceding  one  appears,  which  throws  off  the  out- 
side leaves,  and  interrupts  their  power  of  vegetating.  These 
leaves  wither,  bend  towards  the  earth  and  fall  off,  leaving  a 
projecting  circular  ring  on  the  stem,  the  only  vestige  of  their 
existence.  The  same  phenomenon  takes  place  periodically.  In 
the  centre  of  the  crown  of  leaves  or  branches,  which  terminates 
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the  palm  tree  plant,  a  bud  appears  which  is  at  first  small  and 
blanched;*  but  soon  displays  the  most  vigorous  powers  of 
vegetation.  Its  growth,  inflorescence,  and  progress  towards 
maturity  are  indicated  by  the  decay  and  fdl  of  the  leaves 
which  had  hitherto  protected  it.  The  age  of  a  palm  tree,  or 
rather  the  number  of  times  that  it  has  fructified,  or  become 
crowned  with  fresh  leaves,  is  calculated  by  the  number  of 
woody  circles  which  are  found  marked  on  the  stem.  Its  power 
of  lasting  seems  to  have  no  other  limits  than  the  resistance 
which  the  base  offers  to  the  weight  it  supports.  In  these  co- 
lossal trees,  a  sensible  diminution  in  the  diameter  of  the  stem 
is  often  perceptible  towards  the  top,  and  in  most  of  the  species 
it  is  a  fact  equally  well  proved  that  the  fruit  decreases  in 
quantity  when  they  have  attained  a  certain  epoch  of  their  exis- 
tence. In  the  cocoaruut  tree  {lodicea  cocas  nucifera)  the 
period  of  this  decrease  shews  itself  at  about  the  age  of  thirty 
years,     although   this  tree    continues   to    bear   for    nearly    a 

century.t 

The  leaves,  the  forms  of  which  are  so  various,  present  how- 
ever the  greatest  analogy  in  their  organization :  the  green  mem- 
branous substance  of  which  they  are  almost  entirely  composed, 
is  an  extension  of  the  parenchyma ;  the  envelope  which  covers 
them  answers  to  the  epidermis. 

It  is  in  the  leaves  that  the  sap  is  subjected  to  the  action  of 
the  atmosphere ;  it  is  there  concentrated  and  peculiarly  modi- 
fied. According  to  the  position  of  leaves  upon  the  plant,  their 
under  sides,  or  those  turned  towards  the  ground,  are  distin- 
guished fi*om  their  upper  sides  which  meet  the  light  fi-om 
above. 

The  upper  side  of  the  leaf  is  covered  with  a  thick  and 
fi^quently  shining  epidermis ;  this  epidermis  is  sometimes 
indued  mth  a  substance  rich  in  silicious  matter,  as  in  rushes. 
In  the  Steppes  of  South  America,  I  observed  a  tree,  called 
Chapparaly  the  leaves  of  which  are  so  highly  silicious,  that  they 

*  This  bud,  in  certain  species  of  palm  trees  is  sought  after  as  food,  and 
is  often  spoken  of  as  the  cabbage  of  the  pahn  tree. 

t  Information  communicated  by  Mr.  Codazzi.  The  trunk  of  certain 
species  of  pabn  trees  shews  an  enlargement  towards  the  middle  of  its 
height,  as  in  the  palma  barrigona  of  Choco. 
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are  used  for  polishing  metals.  Generally  speaking,  the  covering 
of  the  upper  sur&ce  of  leaves  is  a  matter  which  is  something 
of  the  nature  of  wax  or  resin.  The  epidermis  which  covers 
the  lower  surface  is  formed  in  most  cases  of  a  very  thin, 
rough  membrane,  full  of  cavities  and  frequently  covert  with 
hairs  or  down. 

The  appearance  and  position  of  the  leaves  are  not  the  same 
during  the  day  and  night.  In  the  dark,  simple  leaves  incline  to 
fold  up  ;  in  compound  leaves,  as  in  those  of  the  acacia  and  sen- 
sitive plant,  the  same  thing  is  still  more  marked;  the  effect 
can  even  be  produced  at  will.  If  during  the  day  a  sensitive 
plant  is  placed  in  a  dark  room,  the  leaves  immediately  dose ;  on 
lighting  the  room  even  with  candles,  they  open  again  as  if  under 
the  influence  of  the  solar  light  ;*  Linnaeus,  who  first  paid  atten- 
tion to  this  dass  of  phenomena,  admits  that  plants  in  the  absence 
of  light  experience  a  sort  of  sleep. 

The  flower  is  the  forerunner  of  the  fruit,  the  finit  is  the 
medium  in  the  heart  of  which  the  seed  is  developed.  The 
organs  which  constitute  the  flower  are  the  calyx  and  the  corolla, 
destined  to  support,  nourish  and  protect  the  pistil  and  the 
stamina,  which  are  the  essential  parts ;  the  calyx  is  a  green 
membrane  which  surrounds  the  corolla,  and  in  certain  flowers 
replaces  it. 

The  corolla  is  monopetalous  or  polypetalous  according  as  it  is 
composed  of  one  or  of  several  pieces.  The  stamens  occupy 
the  interior  of  the  corolla ;  they  are  terminated  by  summits  of 
a  vascular  texture ;  these  are  the  anthers ;  the  powder  which 
cova«  and  sticks  slightly  to  them  is  designated  under  the  name 
of  pollen. 

The  pistil  placed  in  the  middle  of  the  flower  is  composed  of 
the  ovary,  the  style  and  the  stigma. 

The  ovary  endoses  the  germ,  the  embryo  of  the  seed ;  but 
this  embryo  is  only  developed  by  the  action  of  the  pollen.  The 
style  is  in  some  sort  the  tubular  prolongation  of  the  ovary ;  it 
supports  the  stigma,  which  is  the  glandular  part  that  receives 
the  fecundating  influence  of  the  pollen. 

From  what  has  now  been  said,   the  pistil  may   be  consi- 

*  Obflervatbn  of  M.  de  Candolle. 
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dered  as  the  female  organ  of  the  flower,  the  stamens  as  the  male 
organs. 

Many  flowers  combine  the  organs  of  the  two  sexes.  These 
flowers  are  hermaphrodites ;  those  which  only  contain  one  organ, 
are  called  unisexiuJ.  Both  male  and  female  flowers  are  pro- 
duced together  on  certain  plants ;  in  others,  the  flowers  are  all 
only  of  one  sex,  male  or  female.  Polygamous  plants  are  those 
which  shew  a  union  of  male  and  female  flowers,  or  which  have 
hermaphrodite  flowers  on  the  same  stem. 

In  some  flowers,  the  sexual  organs  at  the  period  of  fecunda^ 
tion  acquire  the  property  of  motion,  so  as  to  facilitate  this  grand 
act.  The  stamens,  for  example,  are  seen  in  certain  plants  to 
approach  the  stigma,  to  deposit  their  pollen  on  it,  and  then  to 
withdraw.  It  occasionally  happens  again  that  stamens,  which 
are  at  first  naturally  in  a  position  inclined  with  reference  to 
the  pistil,  become  suddenly  straightened  in  such  a  way  as  to 
cast  their  pollen  on  the  female  organ,  after  which  they  resume 
their  original  position.  In  certain  flowers  a  very  considerable 
evolution  of  caloric  has  been  perceived  on  the  approach  of  the 
period  of  fecundation.  In  some  arums,  for  example,  the  tem- 
perature has  been  observed  to  rise  to  40®  and  even  50®  cent. 
(104®  to  122®  Fahr.)  It  is  probable  that  this  phenomenon  is 
quite  general,  and  that  it  only  varies  in  point  of  intensity. 

Fecundation  accomplished,  the  oflice  of  the  flower  is  at  an 
end.  It  collapses,  withers,  and  dies.  But  the  impregnated 
ovary  enlarges  by  degrees,  until  it  has  attained  maturity,  when  it 
presents  two  distinct  parts,  which  by  their  union  compose  the 
fruit :  these  parts  are  the  pericarp,  and  the  seed — the  husk  or 
shell  and  the  grain.  The  pericarp  always  surrounds  the  seed ; 
but  it  sometimes  happens  that  it  is  so  thin  and  delicate  that  it 
blends  with  the  seed. 

The  germination  of  seeds,  the  evolution  of  new  plants,  is  only 
accomplished  under  certain  physical  conditions  which  demand 
our  consideration. 

We  have  already  said  incidentally,  that  in  order  that  a  seed 
may  germinate,  it  must  be  in  contact  with  moisture,  have  com- 
munication with  the  air,  and  be  under  the  influence  of  a  certain 
temperature.     The  same  conditions  continue  to  be  indispensable 
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after  the  seed  has  sprung,  and  the  plant  has  been  organised ; 
and  in  addition  the  access  of  light  is  now  imperative. 

Roots  seek  in  the  soil  the  moisture  which  is  requisite  to  vivify 
the  whole  vegetable.  These  organs  are  terminated  by  hair-like 
fibres  of  extreme  delicacy,  and  having  spongioles  at  thdr  extre- 
mities: it  is  by  these  spongioles  that  absorption  is  effected. 
The  following  experiment  is  sufficient  to  prove  that  this  is  the 
case :  let  such  a  plant  as  a  tmnip  be  placed  with  the  hair-like  ex- 
tremities of  its  root  plunged  in  water,  and  the  plant  will  continue 
to  live,  althoi]^h  almost  the  whole  body  of  the  root  is  in  the 
air ;  let  things  be  now  so  arranged  that  the  hair-like  filaments 
of  the  root  are  not  in  the  water,  but  that  the  bulb  or  body  of 
the  plant  is  so :  the  leaves  will  soon  droop  and  wither. 

Tlte  force  which  brings  into  play  the  suction  power  of  the 
roots,  resides  in  almost  every  part  of  the  plant :  thus  a  root  de- 
prived of  its  spongioles,  a  stem,  a  branch  and  a  leaf,  exert  this 
suction  power  when  plimged  in  water.  But  the  absorption 
effected  in  this  way  has  a  limit,  and  we  soon  discover  the  neces- 
sity of  making  fi^sh  sections  of  the  extremities,  which  have 
no  power  of  renovation  like  the  filaments  fiunished  with  spon- 
gioles, which  terminate  a  root. 

We  are  still  ignorant  of  the  cause  which  produces  the 
ascent  of  liquids  in  v^tables,  and  which  carries  them  to  the 
remotest  leaves,  in  spite  as  it  were  of  the  laws  of  hydrostatics. 
We  readily  conceive  how  the  spongioles  of  the  roots,  surroimded 
by  earth  abundantly  charged  with  moistitfe,  should  imbibe  by 
the  ample  effect  of  porosity.  We  can  also  understand  how, 
after  having  been  modified  by  the  spongioles,  the  water  and  the 
principles  contained  in  it  should  be  transformed  into  sap ;  but 
the  porosity  of  the  extremities  of  the  roots,  and  the  chemical 
modification  effected  by  the  spongioles  upon  the  fluid  imbibed, 
give  no  kind  of  explanation  of  the  rapid  ascent  of  the  sap.  The 
fcffoe  which  occasions  this  rise  is  very  considerable,  as  was  de- 
monstFated  by  Dr.  Stephen  Hales  in  a  series  of  ingenious  ex- 
periments more  than  a  century  ago. 

Hales  adapted  a  tube  bent  at  a  right  angle  and  filled  with 
water,  to  the  extremity  of  the  root  of  a  pear  tree,  the  point  of 
^lidi  had  been  cut  off;  the  extremity  of  the  tube  opposite  to 
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that  which  was  connected  with  the  root  dipped  into  a  bath  of 
mercury.  In  a  few  minutes  a  portion  of  the  water  contained 
in  the  tube  was  absorbed,  and  the  mercury  rose  above  the  surface 
of  the  bath  to  the  extent  of  eight  inches.  In  the  beginning 
of  Aprili  Hales  cut  off  a  vine  stem  at  the  distance  of  thirty- 
three  inches  from  the  ground.  The  stem  had  no  lateral 
branches,  and  its  cut  surface,  which  was  nearly  circular,  had  a 
diameter  of  |ths  of  an  inch.  To  this  section,  he  adapted  a  reversed 
syphon :  and  things  being  so  disposed,  he  poiured  in  a  quantity 
of  mercury,  which  after  a  time,  and  from  the  effect  of  the 
pressure  exerted  by  the  sap  as  it  escaped,  rose  in  one  of 
the  arms  of  the  syphon,  and  remained  stationary  at  the 
height  of  thirty-eight  inches  above  its  original  level.  This 
column  of  mercury,  it  is  obvious,  represents  a  pressure  very 
much  greater  than  that  of  our  atmosphere. 

The  ascent  of  the  sap  in  trees  takes  place  by  the  woody 
layers.  It  is  easy  to  obtain  conviction  of  this  by  making  a 
plant  absorb  a  watery  solution  of  cochineal.  By  making  sec- 
tions in  the  stem  at  different  heights,  we  can  readily  trace  the 
coloured  liquid  in  its  progress ;  it  is  undoubtedly  the  course 
which  the  natural  sap  would  have  taken.  We  see  no  indication 
of  the  colouring  matter  in  the  pith  nor  in  the  bark,  the  woody 
tissue  alone  is  coloured,  sometimes  entirely,  but  more  ge- 
nerally in  its  younger  parts  only.  The  dyeing  which  results  from 
this  injection  of  the  wood  is  in  lines,  and  parallel  with  the  axis 
of  the  trunk,  like  the  woody  fibres  themselves ;  but  in  some 
cases  the  sap  may  deviate  fit)m  the  rectilinear  course.  Hales 
showed  this  by  the  following  experiment :  upon  a  tree  he  made 
four  notches,  one  above  the  other ;  each  notch  occupied  one 
quarter  of  the  trunk  and  reached  to  its  centre.  In  this  way  the 
whole  of  the  woody  fibres  were  cut  through  at  different  heights, 
so  that  to  continue  its  ascent  the  sap  must  necessarily  expe- 
rience a  series  of  lateral  deviation,  which  in  fact  took  place. 

The  ascending  sap  of  vegetables,  as  it  has  hitherto  been 
procured  for  examination,  is  an  extremely  watery  fluid,  holding 
in  solution  very  small  quantities  of  divers  saline  and  organic 
substances.  Havbg  attained  the  leaves,  the  sap  there  under- 
goes modification,  and  becomes  concentrated  by  losing  water. 
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It  at  the  same  time  experiences  through  the  agency  of  the 
atmospheric  air,  under  the  influence  of  light,  a  great  modifi- 
cation in  its  constitution.     Thus  elaborated,  the  sap  takes  a  des- 
cending course ;  following  the  liber^  it  retrogrades  towards  the 
soil,  and  therefore  performs  a  kind  of  circulation  in  its  passage 
through  the  plant.     The  descending  course  of  the  sap  is  demon- 
strated by  throwing  a  ligature  round  the  trunk  of  a  tree ;  after  a 
time  there  is  formed,  above  the  part  that  is  tied,  an  enlargement 
which  is  owing  to  the  accumulation  of  the  principles  of  the  sap;  but 
below  it  the  tree  experiences  no  increase.    The  descending  coiu^ 
of  the  elaborated  sap  is  no  effect  of  simple  gravity ;  because,  if  the 
ligature  be  thrown  around  a  pendant  branch,  the  enlargement  still 
forms  between  the  ligature  and  the  free  extremity  of  the  branch. 
The  descending  sap  passing  through  the  cortical  layers  must  neces- 
sarily contribute  to  their  formation ;  and  it  is  almost  certain,  as 
appears  fit)m  the  capital  experiment  of  Duhamel,  that  it  is  the 
cambium  which  is  changed  into  liber,  and  so  concurs  in  the 
growth  of  trees.     The  concentration  of  the  ascending  sap,  which 
occurs  during  its  passage  through  the  leaves,  by  the  simple  effect 
of  evaporation,  is  the  phenomenon  which  is  spoken  of  under  the 
name  of  the  exhalation  of  plants :  this  exhdation  of  plants,  it 
is  easily  understood,  is  favoured  by  a  high  temperature,  dryness 
and  motion  of  the  air.     In  favourable  circumstances,  the  water 
escapes  in  the  state  of  vapour.     Hales  compared  the  watery 
exhalation  of  plants  to  the  perspiration  of  animals,  and  made 
many  experiments  to  ascertain  the  quantity  of  watery  vapour 
which  they  usually  throw  off. 

Hales  planted  a  sun-flower  in  an  air-tight  vessel,  the  top  of 
which  was  sealed  hermetically  by  a  leaden  cover.  This  cover 
was  pierced  by  two  holes :  one  for  the  passage  of  the  stem  of 
the  plant,  the  other  for  the  introduction  of  the  water  necessary 
to  its  growth.  For  a  fortnight  the  apparatus  was  regularly 
wei^ied,  and  our  ingenious  experimenter  found  that  the  green 
ports  of  the  sun-flower  threw  off  on  an  average  about  twenty 
oanoes  of  water  in  twelve  hoxu^  of  the  day.  The  evaporation 
was  always  increased  during  dry  and  warm  weather;  moist 
air  lessened  it;  during  the  night  season,  the  evaporation  was 
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sometimes  no  more  than  three  ounces,  and  it  occasionally  hap- 
pened that  it  was  nil. 

Vegetable  life  appears  to  be  intimately  connected  with  the 
phenomenon  of  evaporation.  From  the  inquiries  which  I  have 
myself  undertaken  on  this  subject,  so  well  deserving  the  atten- 
tion of  observers,  it  would  appear  that  a  plant  grows  only  when 
it  transpires,  and  that  in  hindering  this  transpiration,  we  in 
fact  arrest  vegetation. 

We  now  associate  with  the  phenomenon  of  exhalation  the 
source  or  accumulation  of  certain  substances  which  are  met 
with  in  considerable  quantity  in  the  organization  of  plants,  al- 
though scarcely  a  trace  of  them  can  be  detected  in  the  water 
with  which  they  are  supplied.  The  water  evaporating,  leaves 
these  substances  behind;  and  as  the  mass  of  liquid  imbibed 
by  the  roots  and  exhaled  by  the  green  parts  is  very  consi- 
derable, it  is  easy  to  conceive  how  they  should  finally  come  to  be 
present  in  rather  large  quantity. 

A  portion  of  the  water  which  a  plant  in  full  vigour  absorbs, 
must  necessarily  enter  into  its  constitution ;  the  water  exhaled 
by  the  leaves,  therefore,  cannot  equal  the  whole  of  that  which 
has  been  absorbed  by  the  roots.  Sennebier  endeavoured  to 
ascertain  the  relation  which  exists  between  the  absorption  and 
the  exhalation,  and  he  found  in  the  particular  case  which  he 
observed,  that  about  ^  of  the  water  absorbed  was  fixed,  and 
became  a  constituent  part  of  the  vegetable. 
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The  chemical  phenomena  of  vegetation  are  accomplished  by 
the  concurrence  of  the  elements  of  the  Atmosphere,  of  water, 
and  of  certain  organic  substances  which  exist  as  constituents 
of  the  soiL 

The  action  of  the  atmosphere  upon  plants  presents  two 
phases  perfectly  distinct  from  one  another:  germination,  and 
vegetation  properly  so  called,  which  last  comprises  the  develop- 
ment, the  growth,  and  the  multiplication  of  species. 
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GBRMINATION. 


We  have  ascertained  that  a  seed  considered  with  reference  to 
its  organization ;  consists,  1st.  of  an  embryo  which  includes  the 
germs  of  the  root  and  of  the  stem ;  and  2nd,  of  the  cotyledon,  or 
cotyledons.  Considered  with  reference  to  their  chemical  compo- 
sition, seeds  exhibit  a  certain  similarity  of  constitution.  They 
contain :  1  st.  starch  and  gum  ;  2nd.  a  highly  asotized  matter 
analogous  to  the  caseum  of  milk  and  animal  albumen ;  this  is 
the  matter  which  is  commonly  and  very  improperly  designated 
under  the  name  of  gluten,  and  of  vegetable  albumen;  3rd. 
a  fatty  or  oily  matter,  rich  in  carbon  and  hydrogen.  Seeds 
contain  ^ther  fixed  oils,  such  as  hemp  seed,  rape  seed,  &c.  or 
volatile  oils,  as  aniseed,  cummin  seed,  &c.  The  different  prin- 
ciples which  are  associated  in  the  seeds  vary  considerably  in  their 
rdative  proportions :  they  also  vary  slightly  in  their  nature.  One 
seed,  that  of  the  oolewort,  for  example,  will  contain  more  than 
f<Mrty  per  cent  of  its  weight  of  oily  matter,  while  another, 
such  as  wheat,  will  only  contain  a  few  himdredths.  Oats  may 
contain  ten  or  twelve  per  cent  of  caseum  or  gluten  ;  in  certain 
varieties  of  wheat,  analysis  indicates  a  much  larger  quantity. 
The  proportions  of  starch,  gum,  sugar,  or  mucilage  do  not  vary 
less.  It  almost  always  happens,  that  these  different  substances 
are  found  associated  in  Uie  same  seed ;  sometimes  one  predo- 
minates and  the  others  only  enter  in  very  small  proportion. 

After  burning,  the  ashes  of  seeds  are  always  found  composed 
of  phosphates,  sulphates,  and  alkaline  and  earthly  chlorides. 
These  ashes  also  contain  silica,  and  certain  carbonates  produced 
by  the  destruction  of  salts  formed  by  organic  acids. 

If  some  seeds,  sufficiently  moistened,  are  placed  imder  a 
beU  glass  containing  atmospheric  air  confined  over  quicksilver, 
all  the  signs  of  germination  will  soon  be  perceived.  In  the 
course  of  a  few  days,  provided  the  temperature  has  been  suffi- 
ciently high,  germination  will  have  made  a  certain  progress.  Sup- 
posing that  the  temperature  of  the  bell-glass  has  not  varied, 
and  that  the  atmospheric  pressure  remains  the  same,  we  gene- 
rally find  that  the  air,  in  which  germination  has  been  proceeding, 
has  not  dianged  its  original  volume ;  but  it  has  been  modified 

c  2 
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in  its  composition :  a  notable  quantity  of  carbonic  acid  has  been 
formed,  and  a  portion  of  oxygen  has  disappeared.  The  volume 
of  carbonic  acid  produced,  represents  for  the  most  part  the 
volume  of  oxygen  which  has  disappeared.  Now  we  know  that 
carbon  being  burnt  in  a  certain  volume  of  oxygen  gas,  pro- 
duces sensibly  an  equal  volume  of  carbonic  acid  gas.  It  was 
the  knowledge  of  this  fact  that  induced  M.  de  Saussiire  to  say, 
that  in  germination,  carbonic  acid  is  produced  by  the  combus- 
tion of  a  portion  of  the  carbon  which  enters  into  the  composi- 
tion of  the  seed. 

Grermination  and  the  appearance  of  carbonic  acid,  (which 
is  always  its  consequence)  take  place  as  readily  in  pure  oxygen 
gas,  as  in  atmospheric  air;  but  if  placed  in  an  atmosphere 
deprived  of  oxygen,  seeds  cease  to  germinate.  Consequently, 
germination  is  out  of  the  question  in  azote,  in  hydrogen,  or  in 
carbonic  acid,  however  favourable  they  may  be  in  reference  to 
humidity  and  temperature.  Some  formation  of  carbonic  acid 
is  indeed  to  be  observed  under  such  circumstances,  but  then 
this  gas  is  the  result  of  the  decomposition  and  putrid  fermen- 
tation of  the  seed.  It  is  therefore  by  means  of  the  oxygen 
which  it  contains,  that  atmospheric  air  concurs  in  the  germina- 
tion of  seeds. 

Rollo  was  the  first  who  ascertained  the  production  of  carbo- 
nic acid,  during  the  germination  of  seeds  in  an  atmosphere  of 
oxygen ;  but  it  was  M.  Theodore  de  Saussure,  who  by  delicate 
eudiometrical  experiments,  demonstrated  the  phenomena  in  all 
their  nicety,  by  proving  that  the  oxygen  consumed  was  replaced 
by  a  corresponding  volume  of  carbonic  acid.* 

There  are  some  seeds,  for  instance,  peas,  and  the  seeds  of 
aquatic  plants,  which  have  the  property  of  germinating  under 
water.  Some  observers  have,  from  this  fact,  come  to  the 
premature  conclusion  that  atmospheric  air,  and  consequently 
oxygen  were  by  no  means  necessary  to  germination.  Saus- 
sure has  explained  this  anomaly  by  referring  to  the  constant 
presence  of  air  in  a  state  of  solution  in  water.  In  fact, 
having  placed  some  seeds  of  the  polygonum  amphibium  under 

*  Saussure*  Recherclies  chimiques  sur  la  V^g^tation,  p.  10. 
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water,   deprived   of  its    air  by   long-boiling,  Saussure  proved 
that  germination  could  not  take  place."*^ 

Under  like  circumstances,  the  quantity  of  carbonic  acid 
generated  in  a  given  time,  is  by  so  much  greater,  the  larger 
the  quantity  of  oxygen  in  the  atmosphere  which  immediately 
surrounds  the  germinating  seed.  Carbonic  acid  gas  is  of  all 
the  gases  which  have  been  tried,  that  which  is  most  unfavourable 
to  germination ;  and4one  way  of  hastening  the  process  is  to  place 
under  the  receivers  which  cover  the  seed,  some  substance  capable 
of  absorbing  it  as  fast  as  it  is  formed — quick  lime,  for  example. 
By  this  arrangement  the  radicular  increase  is  sensibly  ao- 
celerated-t 

The  quantity  of  oxygen  gas  necessary  to  germination,  is  not 
the  same  in  reference  to  all  seeds;  lettuce,  the  french-bean, 
and  the  field-bean  require  about  ^  part  of  their  respective 
weights ;  while  j^  less  is  sufficient  for  wheat,  barley,  purslane, 
&c.  Saussiire  moreover  came  to  the  conclusion  that  the  carbonic 
acid  generated  by  these  different  seeds  in  germinating  is 
proportioned  to  their  mass,  and  altogether  independent  of 
their  number.} 

Inasmuch  as  seeds  during  germination  yield  carbonic  acid  to 
the  atmosphere,  it  is  quite  obvious  that  they  must  lose  some 
part  of  their  original  weight.  And  this  they  do  in  fact ;  but 
the  loss  experienced  by  seeds  which  have  germinated  is  always 
greater  than  that  which  would  have  resulted  from  the  destruc- 
tion of  carbon  that  takes  place.  Saussure  attributed  this  excess 
of  loss  to  the  volatilization  of  a  portion  of  the  water  which 
entered  into  the  composition  of  the  seed.||  According  to 
Saussure,  therefore,  the  phenomena  of  germination  resolve 
themselves  into  the  diminution  of  carbon  and  of  the  elements 
of  water.  It  is,  nevertheless,  doubtful  whether  the  chemical 
actions  are  so  simple  as  this ;  we  know,  for  example,  that  M. 
Becquerel  considered  the  organic   acid  which  appears  during 

*  Saussure,  Recherches  chimiques,  &c.  p.  3. 
t  Idem,  p.  26. 
I  Idem,  p.  13, 
I  Idem,  p*  20 
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germination  as  acetic  acid,  whereas  it  is  much  more  likely  that 
it  should  be  the  lactic  acid.  There  is  certainty  of  the  for- 
mation of  an  acid  during  germination;  to  prove  its  develop- 
ment it  is  sufficient  to  make  a  few  moist  seeds  sprout  on 
blue  litmus  paper,  which  speedily  acquires  the  permanent  red 
tint  indicating  the  presence  of  an  acid. 

The  volume  of  the  air  in  which  seeds  germinate  is  not  absolutely 
invariable.  On  examining,  with  renewed  ^attention,  the  action 
of  germinating  seeds  on  a  limited  volume  of  air,  M.  de  Saussure 
ascertained  that  certain  seeds  have  the  property  of  diminishing 
the  bulk  of  this  atmosphere,  while  others  perceptibly  augment  it. 
It  must  be  admitted,  therefore,  that  during  germination,  the 
volume  of  carbonic  acid  produced  is  now  greater,  now  less  than 
the  volume  of  oxygen  gas  that  is  consumed.  The  nature  of  the 
results  obtained,  appears,  however,  to  vary  in  regard  to  the  same 
class  according  to  the  stage  of  the  germination. 

Elementary  analysis  appeared  to  me  the  most  satisfactory 
means  of  investigating  the  subject  of  germination.  I  shall  here 
recapitulate  a  few  attempts  that  have  been  made  in  this  direction, 
less  however  with  a  view  to  the  final  settlement  of  the  question, 
than  to  point  out  the  general  method  of  procedure  to  those  who 
would  enter  farther  upon  this  interesting  portion  of  physiology. 
The  experiments  I  allude  to  were  made  upon  the  seed  of  trefoil 
and  on  wheat. 

The  seed,  on  being  dried  at  a  heat  of  1 10**  cent.  (230**  Fahr.), 
lost  0. 1 20  of  water.  Duly  moistened,  it  was  placed  to  sprout  on 
a  porcelain  plate.  As  soon  as  the  radicle  had  attained  a  length 
of  from  ^th  to  ^th  of  an  inch,  each  seed  was  placed  in  a  stove, 
the  temperature  of  which  was  sufficiently  high  to  check  the 
growth  immediately.  The  complete  desiccation  was  then  termi- 
nated over  an  oil  bath  at  a  temperature  of  110^  cent.  (230* 
Fahr.) 

The  seed  put  to  germinate  weighed  2.474  grammes  (38.193 
grains  troy) ;  perfectly  dry,  its  weight  would  have  been  2.405grms. 
(37.128  grains  troy).  When  germinated,  the  seed,  also  quite 
dry,  weighed  2.241grms.  (34.596  grains  troy.) 
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Analysis  gives  us  the  composition  of 

THB  SBSD  BSVOai  OBftMINATIOIf.  TBI  8UD  AmUL  OBBMINATION. 

Carbon 51.5  „  50.8 

Hydrogen  ....       6.0  „  6.3 

Azote 7.2  „  8.0 

Oxygen     ....     36.0  ,,  34.2 


100.0  100.0 

RX8ULTS   OF  SXFSBIMSNT. 

Onloftroy.  Carbon.       Hydrogen.     Oxygen.        Aaote. 

Seed  i)laced  to  germinate  37.128  cont°«.  18.865       2.223     13.369     2.67a 
Seed  after  germination  .  34.596      „       17.815       2.176     11.840     2.763 

Diflference     ....  —  2.532      „  —  1.050—   .047  —  1.529+  .093 

The  total  loss  then  during  germination  was  0.164grm., 
(2.531  grs.)  while  the  loss  due  to  the  carbon,  only  amounts  to 
0.068gnns.  (1.049grs) :  the  analysis  shows  besides  that  in  this 
particular  case,  the  excess  of  the  loss  in  the  present  case  over 
and  above  that  which  is  ascribed  to  the  carbon,  is  not  altogether 
due  to  the  elements  of  water,  inasmuch  as  it  is  partly  ascribable 
to  carbonic  oxide :  for 

1.049  grs.  of  carbon, 
1.404     „   of  oxygen. 

Represent  2.453     „  of  oxide  of  carbon. 

Supposing  this  to  be  so,  and  the  first  period  of  the  germina- 
tion of  the  trefoil  to  have  been  conducted  in  a  dose  vessel,  the 
volume  of  atmospheric  air  would  have  been  increased ;  because 
1  volume  of  carbonic  oxide +|^  volume  of  oxygen=l  volume 
of  carbonic  acid  gas.  It  is  consequently  evident  that  for  each 
volume  of  carbonic  oxide  produced  fix)m  the  seed,  there  is  one 
half  of  this  volume  added  to  the  total  volume  of  the  atmosphere. 

It  will  not,  perhaps,  be  useless  to  advert  to  the  circumstance 
that  the  increase  of  volume,  which  in  the  experiment  I  have  just 
related  must  have  amounted  to  about  twenty-five  cubic  inches, 
would  certainly  have  passed  undetected,  if  the  experiment  had 
been  conducted  in  a  dose  vessd.  For  inasmuch  as  several 
quarts  of  atmospheric  air  must  have  been  used  to  place  38. 1 93grs. 
of  seed  in  conditions  favourable  for  germination,  it  may  readily 
be  imagined  that  the  increase  of  volume  must  have  been  too 
small  a  firaction  of  the  total  mass  of  air  to  be  appreciated  with 
any  certainty. 
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OBRMINATION    OF    WHEAT. 


The  wheat  employed  on  being  dried,  lost  0.652grain  of  mois- 
ture. Thirty-one  grains  were  arranged  for  germination,  which 
process  was  suspended  immediately  after  the  appearance  of  the 
radicles.  The  young  stalks  were  hardly  visible.  The  germinated 
grain  looked  slightly  shrivelled :  on  being  crushed,  after  having 
been  dried,  it  scarcely  differed  in  appearance  from  ordinary  wheat 
reduced  to  powder,  a  considerable  quantity  of  starch  being  still 
recognisable. 

The  wheat,  before  germinating,  taken  as  dry,  and  free  from 
ashes,  weighed  2.439grms.  or  37.653  grs.  troy. 

The  seed  when  germinated  and  gathered,  under  the  same 
condition,  weighed  2.365grms.  or  36.510  grs.  troy. 

Elementary  analysis  gives  for  the  composition  of: 

WHBAT  irOT  AISMINATSO.  OSSMINATKO  WHSAT. 

Carbon 46.6  ,,  47.0 

Hydrogen  •     •     .     .       5.8  „  5.9 

Azote 3.45  ,,  3.7 

Oxygen      .     .     .     .  44.15  „  43.4 

100.0  100.0 

RESULTS    OF   EXPERIMENT. 
Grains  troy.  Carbon.      Hydrogen.      Oxygen.  AioU. 

Wheat  placed  to  germi- 
nate  37.653  cont»«.  17.47       2.176       16.56       1.281 

Wheat  when  germinated  36.510      „       17.15       2.145       15.83       1.343 

Difference —  1.143      ,,  —  0.032  —  0.031—0.073  +  0.062 

0.324  of  a  grain  of  carbon  -f  0.432  of  a  grain  of  oxygen  re- 
present 0.756  of  a  grain  of  carbonic  oxide ;  0.030  of  a  grain  of 
hydrogen  would  require  0.247  of  a  grain  of  oxygen  to  form 
water.  Now,  the  oxygen  remaining,  abstraction  made  of  that 
which  enters  into  the  formation  of  the  carbonic  oxide  is  0.282 
of  a  grain. 

In  the  first  period  of  its  germination,  therefore,  wheat,  like 
trefoil  seed,  experiences  a  loss  which  may  in  great  part  be  re- 
ferred to  elimination  of  the  carbonic  oxide.  The  chemical  compo- 
sition of  these  two  kinds  of  seed  at  more  advanced  periods  of  their 
germination,  no  longer  presents  relations  so  simple.  We  easily 
discover  that  carbon  continues  to  be  eliminated ;  but  the  loss  no 
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longer  corresponds  with  that  which  the  oxygen  of  the  seed  ought 
to  suffer,  in  order  that  the  total  loss  shoidd  be  represented  by  a 
definite  compound  of  carbon.  The  phenomenon,  in  fact,  becomes 
extremely  complex;  and  we  can  even  perceive  that  it  must 
be  so,  when  we  reflect  that  in  proportion  as  the  green  parts 
are  evolved,  a  new  chemical  action  is  set  up  entirely  different 
from  that  which  takes  place  in  the  earliest  periods  of  the  germi- 
nation; the  green  matter  of  vegetables  having,  as  we  shall 
find,  the  singular  faculty  of  decomposing  carbonic  acid  gas,  and 
assimilating  its  carbon  under  the  agency  of  light. 

This  action  of  the  green  matter  begins  to  be  manifested  long 
before  the  first  phases  of  germination  have  entirely  ceased ;  so 
that  during  a  certain  time  two  opposite  forces  are  at  work  simul- 
taneously. One  of  these,  as  we  have  seen,  tends  to  discharge 
carbon  from  the  seed ;  the  other  tends  to  accumulate  this  ele- 
ment within  it.  So  long  as  the  first  of  these  forces  predominates, 
the  seed  loses  carbon  ;  but  with  the  appearance  of  the  green  matter 
the  young  plant  recovers  a  portion  of  this  principle  ;  finally,  when 
by  the  progress  of  the  vegetation,  the  second  force  surpasses  the 
first  in  energy,  the  plant  grows,  increases,  and  advances  to  maturity. 

The  presence  of  light  is  indispensable  to  the  manifestation  of 
the  chemical  force  by  which  the  green  parts  of  plants  appropriate 
the  gaseous  elements  of  the  atmosphere.  Germination,  on  the 
contrary,  may  take  place  in  absolute  darkness ;  and  it  would  be 
curious  to  inquire  into  the  issues  of  vegetation  begun  and  ended 
under  such  circumstances,  in  which  the  organs  produced  by  the 
seed  would  have  no  power  to  fix  any  of  the  principles  of  the 
atmosphere  to  repair  the  loss  of  carbon  which  the  seed  suffers. 
It  is  evident  that  this  loss  of  carbon  must  have  a  limit,  which  is 
probably  that  of  germination. 

CONTINUED   GERMINATION    OF    PSAS. 

Ten  peas,  weighing  together  2.237grms.  or  34.534grs.  troy, 
taken  as  quite  dry  were  put  to  germinate  in  a  dusky  room,  the 
temperature  of  which  was  maintained  between  1 2^  and  1 T*  cent. 
(54*  and  63^  Fahr.)  The  experiment,  begun  the  5th  of  May 
was  ended  on  the  1st  of  July. 

The  germinated  peas  when  dried^  weighed  1.075grm.  or 
16.595grs.  troy. 
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Composition  of  the  peas : 

BSFO&B  •smmirATioif. 

Carbon 46.5 

Hydrogen  .    •    .    •  6.1 

Azote 4.2 

Oxygen.    .    ,     .     .  40.1 

Ashes 3.1 


100.0 


AVTBK  OSBMIITATIOir. 

» 

44.0 

f> 

6.0 

91 

6.7 

99 

86.9 

99 

6.4 

100.0 


8T7MMA&T   OF  THB   BXPBBIMSNT. 
Grains  troy.  Carbon.     Hydrogen.     Ozygcn.     Asote.  Salti,  Earths. 

Peas  set  to  ger- 
minate        .     34.534  cont°ff.  16.055     2.115     13.843     1.447     1.064 

Peas  which  had 
germinated  .     16.595      „        7.292     1.003      6.128     1.111     1.064 


Diflference   .    —  17.939 


99 


—8.763—1.112  —  7.715—0.336    0.000 


Peas,  during  their  germination,  pushed  to  this  extreme  term, 
therefore,  sufiered  a  loss  of  about  52  per  cent.,  the  loss  being 
referable  to  each  of  their  constituent  elements,  which  are 
summed  up  in  carbon,  water  and  ammonia : 

7.719  of  oxygen  taking  0.972  of  hydrogen  to  form  water ; 
0.339  of  azote  requiring  0.077  of  hydrogen  to  form  ammonia ; 

1 .049  which  represents  as  nearly  as  possible  the 
quantity  of  hydrogen  eliminated. 

In  this  experiment,  therefore,  we  see  that  a  seed  weighing 
3.453grs.  troy,  suflFered  a  daily  loss  of  about  0.077  of  a  grain  troy 
of  carbon. 

CONTINUBD   OE&MINATION    OF  WHEAT. 

On  the  5  th  of  May,  46  corns  or  grains  of  wheat,  supposed  to 
be  quite  dry,  and  weighing  I.665grm.  or  25.704grs.  troy,  were 
set  to  germinate  in  the  dark. 

On  the  25th  of  June,  the  germinated  wheat,  when  dried, 
weighed  0.7l3grm.  or  11.007grs.  troy. 

Composition : 


BUWOKK  OSRMINATION. 


Carbon .     . 

Hydrogen  • 
Azote  .  . 
Oxygen.  . 
Ashes    .    • 


45.5 

5.7 

3.4 

43.1 

2.3 

100.0 


t» 


9» 


$$ 


99 


99 


▲FTBR  GIRMINATION. 

41.1 

6.0 

8.0  supposed. 
39.5 

5.4  calculated. 

100.0 
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SrMMART    OF  THB    BXPBBIMBNT. 
Onkm  troy.  Carbon.      Hydrogen.      Oxygen.       Asote.  Belts.  EarChi. 

Wheat  placed 
to  germinate.  25.704  cont°9.  11.704     1.466     11.086      0.879      0.588 

Wheat  germi- 
nated.    .     .  11.007      »       4.523      0.343       4.373      0.879      0.588 

Difference  .  —  14.697      „  —  7.181  —  0.803  —  6.713      0.000      0.000 

During  the  germination,  continued  for  fifty-one  days,  conse- 
quently this  wheat  lost  57  per  cent.,  and  the  loss  may  be  wholly 
referred  to  the  elements  of  carbonic  acid  and  water,  t.  e.  to  car- 
bon, hydrogen,  and  oxygen.* 

These  results  of  the  elementary  analysis  of  seeds  of  diflferent 
kinds,  before  and  after  germination,  tend,  therefore,  to  show  that 
the  chemical  phenomena  which  take  place  in  the  earliest  periods 
of  germination,  continue  to  go  on  even  after  the  organic  matter 
of  the  seed  has  been  changed  into  a  proper  vegetable, '  imperfect 
undoubtedly,  but  still  possessing  the  essential  organs  of  plants, 
— ^roots,  a  stem  and  leaves.  Deprived  of  light,  the  blanched 
vegetable  may  be  said  to  vegetate  in  a  negative  manner,  ex- 
pending, exhaling  the  elementary  principles  contained  in  the 
seed  whence  it  spnmg. 

The  general  practice  of  sowing  seeds  at  some  depth  in  the 
ground,  led  to  the  belief,  for  a  long  time,  that  light  was 
prejudicial  to  germination.  Sennebier  had  even  inferred  so 
much  from  his  experiments,  which  appeared  to  derive  con- 
firmation from  those  of  Ingenhousz,  and  which  were  instituted 
for  the  express  purpose  of  discovering  the  comparative  influences 
of  sun-%ht  and  darkness  on  the  germination  and  growth 
of  vcgetables.t  But  M.  de  Saussure  showed  that  the  pre- 
judicial influence  attributed  to  the  light  was  connected  with 
the  drying  of  the  seed,  in  consequence  of  its  exposure  to  a 
higher  temperature.  M.  de  Saussure  caused  seeds  to  ger- 
minate at  the  same  time  under  two  bell-glasses  of  equal 
capacity.     One  of  these  shades   was   opaque,  the  other  was 

*  The  small  quantity  operated  on  prevented  any  estimates  being  made  of 
^  azote  lost.  Its  proportion  was  supposed  not  to  have  varied.  It  is 
extremely  probable,  however,  that  there  was  some  slight  disengagement  of 
azote  as  in  the  preceding  experiment. 

t  Saussure,  Rech.  Chimiques,  p.  23. 
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transparent,  and  so  placed  as  to  receive  the  diffused  light  of 
day.  The  temperature  was  the  same  in  either.  The  seeds 
sprung  simultaneously  under  both  glasses."^  Within  a  few 
days,  the  vegetation  under  the  transparent  shade  was  most  ad- 
vanced; which  is  exactly  what  we  should  have  expected  from 
all  that  has  already  been  said  of  the  functions  of  the  organized 
parts  subjected  to  the  action  of  light. 

We  are  indebted  to  M.  de  Humboldt  for  a  niunber  of  very 
curious  observations  on  the  property  which  chlorine  possesses 
of  stimulating  or  favouring  germination.  This  action  of  chlo- 
rine is  so  decided,  that  it  is  apparent  even  upon  old  seeds 
which  will  not  germinate  when  placed  under  ordinary  circum- 
stances. The  experiments  of  M.  de  Humboldt  were  made  in 
the  first  instance,  on  the  common  cress,  {lepidium  sativum). 
The  seeds  were  placed  in  two  test  tubes  of  glass,  one  of  which 
contained  a  weak  solution  of  chlorine,  the  other  common 
water.  The  tubes  were  placed  in  the  dark,  the  temperature 
being  maintained  at  about  15°  cent.  (59**  Fahr.)  In  the 
chlorine  solution,  germination  took  place  in  six  or  seven  hours ; 
fit)m  thirty-six  to  thirty-eight  were  required  before  it  was 
manifest  in  the  seeds  in  the  water.  In  the  chlorine,  the  radi- 
cles had  attained  the  length  of  .0585  Eng.  inch,  after  the  lapse 
of  fifteen  hours,  whilst  they  were  scarcely  visible  at  the  end 
of  twenty  hours  in  the  seeds  submerged  in  water.f 

In  the  botanical  gardens  of  Berlin,  Potsdam,  and  Vienna, 
this  property  of  chlorine  has  been  made  available  to  excellent 
ends ;  by  its  means  many  old  seeds,  upon  which  a  great  variety 
of  trials  had  already  been  made  in  vain  to  make  them  sprout, 
were  brought  to  germinate.  At  Schoenbrunn,  for  instance, 
they  had  never  succeeded  in  raising  the  clusea  rosea  from  the 
seed ;  but  M.  de  Hiunboldt  succeeded  at  once,  by  forming  a 
paste  of  peroxide  of  manganese,  with  water  and  hydrochloric 
acid,  in  which  he  set  the  seeds  of  the  clusea^  and  then  placed 
them  in  a  temperature  of  from  62"*  to  75*"  cent.  (143**  to 
167**  Fahr.)  It  seems  very  likely  that  this  discovery  of  M. 
de  Humboldt  may  yet  be  taken  advantage  of  in  our  every  day 

*  De  Saussure,  op.  cit.  p.  23. 

t  Humboldt,  Flora  fribergenais  subterranea,  p.  156. 
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husbandry.  It  is  quite  certain  that  the  whole  of  the  seed  which 
we  commit  to  the  ground,  does  not  spring  up,  especially  when 
we  are  forced  to  have  recourse  to  seed  that  is  two  or  three  years* 
old ;  the  loss  is  then  frequently  very  considerable.  But  a  solution 
of  chlorine,  or  a  mixture  which  would  evolve  it,  could  not  cost 
much,  its  use  would  add  little  or  nothing  to  the  very  trifling 
expense  which  is  generally  incurred  in  pickling  the  wheat  that  is 
employed  as  seed. 


^   III. EVOLUTION   AND   GROWTH    OF   PLANTS. 

As  germination  advances,  we  see  those  organs  acquiring 
shape  and  size  which  had  appeared  at  first  in  the  rudimentary 
state.  The  roots  extend  in  length,  and  increase  in  number, 
and  their  extremities  become  covered  with  capillary  fibres.  The 
stem  as  it  rises  puts  forth  branches  in  all  directions  which 
become  covered  with  leaves.  The  cotyledons  which  had 
nourished  the  young  plant  during  the  first  days  of  its  existence, 
wither  and  fall.  Under  the  influence  of  the  solar  light,  the  vege- 
tation progresses  amain,  and  the  organic  matter,  which  finally 
constitutes  the  plant  when  it  has  attained  maturity,  weighs  vastly 
more  than  the  same  matter  which  existed  previously  in  the  seed. 
To  quote  a  single  instance  from  the  family  of  annual  plants,  a 
seed  of  field  beet  of  the  weight  of  .06175  of  a  grain,  may  by 
the  end  of  the  autumn  give  birth  to  a  root  which  with  its  leaves 
shall  weigh  162099grs.,  or  upwards  of  28lbs.* 

This  immense  and  rapid  assimilation  can  have  no  other 
source  than  the  soil,  the  air  and  water.  Without,  at  this  time, 
pausing  to  consider  the  useful  influence  which  the  soil,  and  the 
substances  it  contains,  exert  upon  the  entire  developnient  of  vege- 
tables, we  shall  here  assume  it  as  a  general  principle  that  water 
and  the  air  of  the  atmosphere  alone,  are  capable  of  furnishing 
them  with  all  the  elements  which  enter  into  their  composition, 
to  wit — carbon,  hydrogen,  oxygen,  and  azote.  In  other  words, 
a  seed  may  germinate,  vegetate,  give  birth  to  a  plant  which 
shall  attain  to  complete  maturity  by  the  mere  concurrence  of 

*  Actual  weight  of  a  beet-root  grown  at  Bechelbroim  in  184U 
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water  and  the  gases,  or  vapours  which  are  diffused  through  the 
atmosphere.  This  fact  is  demonstrated  by  the  following  ex- 
periment : — 

In  a  sufficient  quantity  of  properly  moistened  roughly  pounded 
brick-dust,  (which  had  been  heated  to  redness  in  order  to  destroy 
every  trace  of  organic  matter,)  a  few  peas  were  sown  on  the 
9th  of  May,  and  the  pot  was  transferred  to  a  green-house  in  order 
to  protect  the  plants  from  the  dust  and  impurities  which  always 
fly  about  in  the  open  air. 

On  the  16th  of  July,  the  peas,  which  looked  extremely  well 
and  healthy,  were  in  flower.  Each  seed  had  sent  forth  one  stem, 
and  each  stem,  abundantly  covered  with  leaves,  bore  a  flower. 

On  the  15th  of  August  the  pods  were  ripe ;  no  more  water 
was  given,  and  by  the  end  of  the  month  the  plants  were  dry. 

The  length  of  the  stalks  varied  from  about  three  feet  three 
inches  to  five  feet ;  but  they  were  extremely  slender,  and  the 
leaves  not  more  than  one  third  the  ordinary  size.  The  pods 
were  1.3  inch,  by  from  0.3  to  0.4  of  an  inch  broad.  They 
generally  contained  two  peas  each ;  one  contained  a  single  pea 
only,  but  this  was  almost  twice  the  size  of  any  of  the  others. 

In  the  course  of  three  months,  therefore,  these  peas  came  to 
perfect  maturity — ripe  seeds  were  gathered.  The  analysis  of 
the  crop,  which  I  shaH  give  by  and  by,  in  connexion  with 
another  question  which  we  shaU  have  to  discuss,  showed  that 
the  harvest  obtained  under  the  conditions  indicated,  contained  a 
considerably  larger  proportion  of  each  of  the  elements  found 
than  was  originally  contained  in  the  seed  from  which  it  sprung. 

Carbon  being  the  predominating  principle  in  plants,  it  is  our 
first  duty  to  inquire  into  the  origin  of  so  much  of  this  element 
as  is  assimilated  in  the  course  of  vegetation. 

Carbon  is  met  with  in  very  small  quantity  in  the  atmos- 
phere in  the  state  of  carbonic  add,  and  as  this  is  one  of  the 
most  soluble  of  the  gases  which  enter  into  the  constitution  of 
the  air,  water  always  contains  a  considerable  quantity  of  it  in 
solution.  Carbonic  acid  may  therefore  be  in  relation  with 
plants  by  the  medium  of  the  air  amidst  which  they  live,  and 
of  the  water  which  is  no  less  indispensable  to  their  existence. 
We  have  now  to  ascertain  in  what  way  this  gas  evolves  and  sets 
free  its  carbcm  in  favour  of  living  v^tables. 
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Bonnet,  having  put  some  fresh  leaves  at  the  bottom  of  a  jar 
containing  spring  water,  observed  that  when  exposed  to  the 
rays  of  the  sun,  they  gave  off  bubbles  of  air.  He  sought  to 
ascertain  whether  this  disengagement  of  gas  was  due  to  the 
leaves,  or  to  the  liquid  in  which  they  were  contained.  For  the 
spring  water,  he  therefore  substituted  water  deprived  of  its  air 
by  boiling,  and  he  found  that  the  leaves  exposed  to  the  sun's 
Ught  in  this  water,  no  longer  gave  off  any  bubbles  of  air. 
Bonnet,  therefore,  concluded,  that  the  gas  which  he  collected 
in  his  first  experiment,  proceeded  fi-om  the  water. 

In  1771,  Priestley  discovered,  that  by  emitting  oxygen,  plants 
had  the  property  of  ameliorating  atmospherical  air,  which  had 
been  vitiated  by  the  respiration  of  animals  or  by  combustion."^ 
This  unexpected  discovery  immediately  arrested  the  attention 
of  v^taUe  physiologists.  Nevertheless,  Priestley  was  not  yet 
master,  so  to  speak,  of  the  capital  experiment  which  he  had 
announced  to  the  world  of  science.  He  had  not  seized  all  the 
drcumstances  which  assure  its  success.  Occasionally  the  leaves 
which  were  the  subjects  of  experiment  did  not  cause  the  disen- 
gagement of  any  gas ;  occasionally,  too,  the  air  disengaged  &r 
from  being  oxygen, — ^fer  from  ameliorating  the  atmosphere,  was 
found  to  be  carbonic  acid  gas.  It  was  Ingenhousz  who  made 
out  the  influence  of  the  solar  light  upon  the  phenomenon  in  ques- 
tion. He  proved,  by  a  vast  number  of  distinct  experiments, 
that  leaves  exhale  oxygen  when  they  are  exposed  to  the  light 
of  the  suiL  He  perceived,  moreover,  that  in  the  dark  they 
vitiate  the  air,  rendering  it  improper  for  respiration  and  com- 
bustion.t 

But  the  origin  of  the  oxygen  disengaged  jfrom  water  by  leaves- 
exposed  to  the  light  of  the  sun  still  remained  to  be  discovered. 
It  was  Sennebier  who  took  this  important  step,  by  showing 
that  it  was  to  the  carbonic  acid  generally  contained  in  water 
that  leaves  exposed  to  the  sun's  light  owed  their  faculty  of 
evdving  oxygen  gas.  With  this  interesting  fact,  it  was  easy  to 
render  an  account  of  all  the  anomalies  that  had  been  successively 
announced  :   boiled  water,  as  Bonnet  had  observed,  could  not 

*  Experiments  and  ObservatioiiB,  vol.  11. 
t  Experiments  on  Vegetables. 
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afford  any  air,  and  spring  water  should  usually  give  more  than 
river  water  as  Ingenhousz  had  noticed,  for  the  simple  reason 
that  hoiled  water  neither  contains  carbonic  acid  gas  nor  any 
other  kind  of  air ;  and  that  well  water  generally  contains  a  larger 
quantity  of  carbonic  add  in  solution  than  river  water. 

In  giving  the  grand  features  in  the  history  of  this  brilliant 
discovery  of  the  eighteenth  century,  it  may  be  said  that  Bonnet  was 
the  first  who  observed  the  phenomenon  of  the  gaseous  evolution 
effected  by  the  leaves  of  vegetables  ;*  that  Priestley  announced 
that  the  gas  disengaged  was  oxygen ;  that  Ingenhousz  demon- 
strated the  necessity  of  the  solar  light  to  the  production  of  the 
phenomenon ;  finaUy,  that  it  was  Sennebier,  to  whom  was  re- 
served the  honour  of  showing  that  the  oxygen  gas  obtained 
under  these  circumstances  is  the  product  of  the  decomposition 
of  carbonic  acid. 

It  was,  however,  matter  of  supreme  interest  to  study  this 
decomposition  of  carbonic  acid  in  its  last  details.  It  was  im- 
perative, for  instance,  to  ascertain  what  relation  existed  between 
the  volume  of  the  oxygen  disengaged  and  the  volume  of  the 
carbonic  acid  decomposed.  This  was  admirably  accomplished 
by  M.  Theodore  de  Saussiffe  in  a  long  series  of  remarkable 
experiments  of  which  I  shall  here  endeavour  briefly  to  state  the 
main  results. 

The  conclusion  which  follows  naturally  from  the  discovery  of 
Sennebier,  was  that  carbonic  acid  exercised  a  favourable  influence 
on  vegetation  by  supplying  plants  with  the  carbon  which  enters 
into  their  constitution.  Percival  ascertained  by  direct  experi- 
ment the  accuracy  of  this  inference  by  placing  plants  in  a  current 
of  atmospheric  air,  mixed  with  a  pretty  large  proportion  of  this 
gas.  By  means  of  a  comparative  experiment,  he  saw  that  a 
plant  in  such  circumstances,  made  much  greater  progress  than 
one  subjected  to  a  current  of  ordinary  air.f  The  researches  of 
Saussure,  in  conflrming  in  all  respects  those  of  his  predecessors, 
added  this  ferther  very  important  fact :  that  to  act  beneficially 
upon  vegetables  the  carbonic  acid  must  be  mixed  with  oxygen. 

Under  a    bell  glass  of  the  capacity  of  398    cubic    inches, 

*  Sur  I'usage  des  feuilles  dans  les  plantes,  p.  31. 
t  Manchester  Memoirs,  vol.  ii. 
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placed  over  mercuiyy  with  a  delicate  film  of  water  swimming 
on  its  surface,  he  introduced  three  young  peas,  which  displaced 
about  i^ths  of  the  included  air.  The  atmosphere  was  composed 
of  common  air,  and  carbonic  acid  gas  in  different  proportions. 

The  experiments  were  conducted  successively  in  the  sunshine 
and  in  the  shade.  In  the  sun,  the  apparatus  received  daily  the 
direct  action  of  the  light  during  five  or  six  hours :  when  the  light 
was  too  vivid  it  was  somewhat  lessened  by  shading.  In  the  sun- 
light the  plants  lived  for  several  days  in  an  atmosphere  composed 
of  equal  parts  of  air  and  carbonic  acid ;  they  then  faded.  But 
they  died  much  more  speedily  in  atmospheres  which  contained 
two-thirds,  or  three-fourths,  or  a  fortiori  which  consisted  entirely 
of  carbonic  acid.  The  young  plants  throve  decidedly  when  the 
atmosphere  contained  about  f,th  of  carbonic  acid ;  their  growth 
was  evidently  more  vigorous  here  than  it  was  in  simple  air ;  and 
at  the  conclusion  of  one  experiment  which  extended  over  ten 
days,  almost  the  whole  of  the  carbonic  acid  was  found  replaced  by, 
or  changed  into  oxygen :  the  peas  had  assimilated  the  carbon. 

The  smallest  quantity  of  carbonic  acid  added  to  the  air, 
was  found  injurious  to  the  plants  when  they  were  kept  in  the 
shade.  Young  peas  lived  only  six  days  under  such  circum- 
stances, when  the  atmosphere  around  them  consisted  of  a  quarter 
of  its  volume  of  carbonic  acid.  They  lived  ten  days  when 
the  proportion  of  this  gas  did  not  exceed  a  twelfth ;  but  then 
they  scarcely  grew  at  sJl  in  the  mixture;  they  certainly  made 
much  less  progress  than  they  would  have  done  in  common  air. 
Saussure  concluded,  from  these  experiments,  that  carbonic  acid 
was  useful  to  growing  vegetables  only  when  present  along  with 
oxygen,  and  that  it  ceases  to  be  so  when  the  atmosphere 
contains  more  than  ^th  of  its  volume  of  the  gas. 

To  determine  the  proportion  of  oxygen  set  at  liberty  during 
the  decomposition  of  carbonic  acid  by  plants,  Saussure  com- 
posed an  atmosphere  of  common  air  and  carbonic  acid,  the 
latter  in  the  proportion  of  0.075  ;  the  mixture  was  confined 
under  a  bell-glass  of  the  capacity  of  5.746  litres  or  10.112 
pints  standing  over  mercury  as  in  the  former  experiments. 
Seven  plants  of  the  periwinkle  were  introduced  into  the  appa- 
ratus, their  roots  dippmg  into  15  cub.  centim.  or  5.895  cub.  in. 
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of  water — the  water  was  limited  as  much  as  possible  in  order 
that  the  absorption  of  carbonic  acid,  which  must,  of  course,  take 
place,  might  be  thrown  out  of  the  reckoning.  The  experiment 
was  continued  for  six  days,  during  which  the  plants  received  the 
direct  rays  of  the  sun  from  five  to  eleven  o'clock  in  the  morning. 
On  the  seventh  day,  the  plants  were  withdrawn.  They  had 
preserved  their  freshness.  All  the  corrections  made  for  tempe- 
rature and  pressure,  the  volume  of  the  atmosphere  in  which  they 
had  lived  was  not  found  changed  by  more  than  about  20  cubic 
centimetres,  7.8  c.  in.,  a  quantity  which  is  within  the  possible  errors 
of  computation ;  but  the  composition  of  the  air  had  undergone 
very  notable  changes :  the  carbonic  acid  had  disappeared,  and 
the  eudiometer  proclaimed  0.24  of  oxygen  instead  of  the  0.21 
which  it  contain^  originaUy."^ 

RESULTS    OF  THE    EXPERIMENTS. 

c.  Inches.  Axote        Oxygen     Garb,  add 

Before:  Volume  of  atmosphere      .     2257  cont«8.  1650      438.5       169.3 
After:        „        „  „  .     2257       „      1704  553  0 

0.  +54     +14.8  —169.3 

The  periwinkles,  consequently,  had  caused  169.3  cubic  inches 
of  carbonic  acid  to  disappear,  and  given  oflF  upwards  of  one 
hundred  and  fourteen  cubic  inches  of  oxygen.  Had  the  whole 
oxygen  of  the  carbonic  acid  been  set  at  liberty,  this  volume 
would  have  been  precisely  equal  to  that  of  the  acid  gas  de- 
composed ;  but  as  no  more  than  one  hundred  and  fourteen 
cubic  inches  of  oxygen  were  obtained,  it  must  be  inferred  that 
the  periwinkles  had  fixed  54.6  cubic  inches  of  this  gas. 

This  is  the  conclusion,  indeed,  to  which  M.  de  Saussure 
came,  and  subsequent  experiments  have  confirmed  its  accuracy. 
The  following  table  contains  a  summary  of  five  experiments 
that  were  instituted : 

c  Inches.  c.  Inches. 

Exp.  1.  Carbonic  acid  disappearing     •  169.3  Oxygen  disengaged  .  114.7 

Azote  disengaged     .     54.6 

1691 

Exp.1.        „  „  „  .   121.4  Oxygen  disengaged  •        88 

Azote  disengaged.    .        33 

121 
*  Saussure,  Recherches  chimiques,  p.  40. 
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c.  Inches.  c.  UK^es. 

Exp,  3.  Carbonic  acid  disappearing     •     58.5  Oxygen  disengaged  .    47.5 

Azote  disengaged      .      8.2 

55^7 
Exp.  4.         „  „  „  .  120.2  Oxygen  disengaged    .    96.6 

Azote  disengaged      .      7.8 

104.4 
Exp.  5.         „  „  „  .     72.3  Oxygen  disengaged    .   49.5 

Azote  disengaged      .    22.4 

7L9 


There  is  one  remark  which  it  is  impossible  to  avoid  making 
in  surveying  this  table;  it  is  to  the  effect,  that  the  azote  disengaged 
represents  almost  exactly  the  volume  of  oxygen  which  it  would 
be  necessary  to  add,  in  order  that  the  oxygen  collected  should 
represent  the  whole  of  that  which  entered  into  the  constitution 
of  the  carbonic  acid  decomposed.     It  is  probable  that  the  excess 
of  azote  which  appeared  in  all  these  experiments  was  present 
in  principal  part  in  the  air  contained  and  condensed  within  the 
interstices  of  the  plants,  or  held  in  solution  in  the  water  which 
bathed  thdr  roots.     It  would  be  difficult  to  assign  it  any  other 
(Higin ;  such,  for  instance,  as  that  from  changes  in  the  azotised 
}nindples  of  the  plants  that  were  the  subject  of  experiment.     In 
his  fii^t  experiment,  in  fact,  M.  de  Saussure  fixes  the  weight  of 
the  dry  matter  of  the  seven  periwinkle  plants  at  41.6  grains. 
Now,  from  numerous  determinations  of  azote  which  I  have  had 
occasion  to  make  in  regard  to  plants  of  very  different  ages  and 
species,  I  think  I  can  say  that  these  periwinkles,  taken  as  dry, 
did  not  contain  more  thim  .385  of  azote ;  this  in  reference  to 
the  weight  assumed  by  M.  de  Saussure  would  be  1.042grs.  or 
20.8  cubic  inches  of  azote ;  and  the  volume  of  azote  disengaged 
in  this  first  experiment  was  54.6  cubic  inches.     It  is  proper 
further  to  observe  that  the  state  of  health  which  the  plants 
presented  on  the  conclusion  of  the  experiment  does  not  allow 
us   to  suppose  a  total  decomposition  of  the  azotised  matters 
which  entered  into  their  constitution.     These  various  considera- 
tions lead  us  to  infer  that  the  excess  of  azote  collected  must 
have  been  displaced  by  oxygen.     We  are,  therefore,  at  Uberty 
to  presume,  from  the  experiments  now  referred  to,  that  the 
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volume  of  oxygen  produced  probably  represents  the  volume  of 
carbonic  acid  decomposed. 

The  necessity  of  oxygen  gas  in  the  decompounding  action 
which  plants  exposed  to  the  %ht  exert  so  energetically  upon 
carbonic  acid,  leads  us  to  study  particularly  the  phenomena 
which  oxygen  exhibits  in  connexion  with  growing  plants. 
When  a  number  of  freshly  gathered  and  healthy  leaves  are 
placed  during  the  night  under  a  bell  glass  of  atmospheric 
air,  they  condense  a  portion  of  the  oxygen;  the  volume  of 
the  air  diminishes,  and  there  is  a  quantity  of  free  carbonic 
add  formed,  generally  less  than  the  volume  of  oxygen  which  has 
disappeared.  If  the  leaves  which  have  absorbed  this  oxygen 
during  their  stay  in  the  dark,  be  now  exposed  to  the  sun's 
light,  they  restore  it  nearly  in  equal  quantity,  so  that  all  cor- 
rections made,  the  atmosphere  of  the  bell  glass  returns  to  its 
original  composition  and  volume. 

Leaves  in  general  have  the  same  effect  when  they  are  placed 
alternately  in  the  dark  and  in  the  light ;  there  is,  however,  a  very 
obvious  difference  in  the  intensity  with  which  the  phenomenon 
is  produced,  according  to  the  nature  of  the  leaves.  The  quantity 
of  carbonic  acid  formed  during  the  night  is  by  so  much  the 
less,  as  the  leaves  are  more  fleshy,  thicker,  and  therefore  more 
watery.  The  green  matter  of  fleshy  leaved  plants,  of  the  cactus 
opuntia^  to  quote  a  particular  instance,  does  not  produce  any 
sensible  quantity  of  carbonic  acid  in  the  dark :  but  these  leaves 
condense  oxygen,  and  exhale  it  again  like  those  which  are  less 
fleshy,  when  they  are  brought  into  the  sun,  after  having  been 
kept  for  some  time  in  the  dark. 

Saussure  appUed  the  names  of  inspiration  and  expiration 
of  plants  to  these  alternate  effects,  led  by  the  analogy, — 
somewhat  remote,  it  must  be  confessed,  which  the  pheno- 
menon presents  with  the  respiration  of  animals. 

The  inspiration  of  leaves  has  certain  limits ;  in  prolonging 
their  stay  in  the  dark,  the  absorption  becomes  less  and  less : 
it  ceases  entirely  when  the  leaves  have  condensed  about  their 
own  volume  of  oxygen  gas.  And  let  it  not  be  supposed  that 
the  nocturnal  inspiration  of  leaves  is  the  consequence  of  a 
merely  mechanical   action,   comparable,   for  example,   to   that 
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exerted  by  porous  substances  generafly  upon  gases.  The  proof 
that  it  is  not  so  is  supplied  by  the  fact  that  the  same  effects  do 
not  follow  when  leaves  are  immersed  in  carbonic  acid,  hydrogen 
or  azote.  In  such  circumstances  there  is  no  appreciable  di- 
minution of  the  atmosphere  that  surrounds  the  plant.  The 
primary  cause  of  the  inspiration  of  oxygen  by  the  leaves  of 
living  plants  is,  therefore,  obviously  of  a  chemical  nature. 

With  the  facts  which  have  just  been  announced  before  us, 
it  seems  very  probable  that  during  the  nocturnal  inspiration,  the 
carbonic  acid  which  appears  is  formed  at  the  cost  of  carbon 
contained  in  the  leaves,  and  that  this  acid  is  retained  either 
wholly  or  in  part,  in  proportion  as  the  parenchyma  of  the  leaf 
is  more  or  less  plentiAilly  provided  with  water.  A  plant  that 
remains  permanently  in  a  dark  place,  exposed  to  the  open  air, 
loses  carbon  incessantly;  the  oxygen  of  the  atmosphere  then 
exerts  an  action  that  only  terminates  with  the  life  of  the  plant : 
a  result  which  is  apparently  in  opposition  to  what  takes  place 
in  an  atmosphere  of  limited  extent.  But  it  is  so,  because  in 
the  free  air  the  green  parts  of  vegetables  can  never  become 
entirely  saturated  with  carbonic  acid,  in  as  much  as  there  is  a 
ceaseless  interchange  going  on  between  this  gas,  and  the  mass 
of  the  surrounding  atmosphere ;  there  is  then,  incessant  pene- 
tration of  the  gases,  as  it  is  caQed.  There  is  a  kind  of  slow 
combustion  of  the  carbon  of  a  plant  which  is  abstracted  from 
the  reparative  influence  of  the  light. 

The  oxygen  of  the  air  also  acts,  but  much  less  energetically 
upon  the  organs  of  plants  that  do  not  possess  a  green  colour. 

The  roots  buried  in  the  ground  are  still  subjected  to  the 
action  of  this  gas.  It  is  indeed  well  known,  that  to  do  their 
office  properly,  the  soil  must  be  soft  and  permeable,  whence 
the  repeated  hoeings  and  turnings  of  the  soil,  and  the  pains 
that  are  taken  to  give  access  to  the  air  into  the  groand  in 
80  many  of  the  operations  of  agriculture.  The  roots  that 
penetrate  to  a  great  depth,  such  as  those  of  many  trees,  are  no* 
less  dependent  on  the  same  thing ;  the  moisture  that  reaches 
them  firom  without  brings  them  the  oxygen  in  solution,  whicb 
th^  require  for  their  development.  It  is  long  since  Dr. 
Stephen  Hales  showed  that  the  interstices  of  vegetable  earth. 
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still  contamed  air  mingled  with  a  very  considerable  proportion 
of  oxygen.  The  roots  of  vegetables,  moreover,  appear  generally 
to  be  stronger  and  more  numerous  as  they  are  nearer  the 
surface.  In  tropical  countries  various  plants  have  creeping 
roots  which  often  acquire  dimensions  little  short  of  those  of  the 
trunk  they  feed. 

If  a  root  detached  from  the  stem  be  introduced  under  a  bell- 
glass  full  of  oxygen  gas,  the  volume  of  the  gas  diminishes, 
carbonic  acid  is  formed,  of  which  a  portion  only  mingles  with 
the  gas  of  the  receiver,  a  certain  quantity  being  retained  by 
the  moisture  of  the  root.  The  volume  of  the  gas  thus  retained 
is  always  less  than  that  of  the  root  itself,  however  long  the 
experiment  may  be  continued.  In  these  drcumstances,  whether 
in  the  shade  or  the  sun,  roots  act  precisely  as  leaves  do  when 
kept  in  the  dark.  Roots  still  connected  with  their  stems,  give 
somewhat  different  results. 

When  the  experiment  is  made  with  the  stem  and  the  leaves 
in  the  free  air,  whilst  the  roots  are  in  a  limited  atmosphere  of 
oxygen,  they  then  absorb  several  times  their  own  volume  of  this 
gas.  This  is  because  the  carbonic  acid  formed  and  absorbed 
is  carried  into  the  general  system  of  the  plant,  where  it  is 
elaborated  by  the  leaves,  if  exposed  to  the  same  light,  or  simply 
exhaled  if  the  plant  be  kept  in  the  dark. 

The  presence  of  oxygen  in  the  air  which  has  access  to  the 
roots  is  not  merely  favourable ;  it  is  absolutely  indispensable  to 
the  exercise  of  their  functions.  A  plant,  the  stem  and  leaves 
of  which  are  in  the  air,  soon  dies  if  its  roots  are  in  contact  with 
pure  carbonic  acid,  with  hydrogen  gas  or  azote.  The  use  of 
oxygen  in  the  growth  of  the  subterraneous  parts  of  plants, 
explains  wherefore  our  annual  plants,  which  have  largely  deve- 
loped roots,  require  a  friable  and  loose  soil  for  their  advanta- 
geous cultivation.  This  also  enables  us  to  understand  wherefore 
trees  die,  when  their  roots  are  submerged  in  stagnant  water, 
and  wherefore  the  effect  of  submersion  in  generaJ  is  less  in- 
jurious when  the  water  is  running,  such  water  always  con- 
taining more  air  in  solution  than  that  which  is  stagnant. 

The  woody  parts,  the  fruit,  and  those  organs  of  plants  in 
general  which   have  npt  a   green   colour,  stand  in   the  same 
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relations  to  oxygen  as  the  roots:  they  merely  diange  this 
gas  into  carbonic  acid,  which  is  then  transported  to  the  plant 
at  large  to  suffer  decomposition  by  the  green  parts.  In  this 
action  we  observe  a  displacement,  a  kind  of  translation  of  the 
carbon  of  the  lower  to  the  upper  parts  of  plants. 

The  decomposition  of  carbonic  add  by  plants  admitted,  we  have 
still  to  examine  whether,  in  the  phenomena  of  vegetation,  the 
leaves  decompose  the  carbonic  add  of  the  atmosphere  directly,  or 
the  add  gas,  previously  dissolved  in  the  water,  which  moistens 
the  ground,  be  conducted  by  the  way  of  absorption  into  the  tis- 
sues of  vegetables  there  to  siidBfer  decomposition.  The  quantity 
of  carbonic  add  contained  in  the  air  is  so  small,  and  the  growth 
of  plants,  on  the  contrary,  is  often  so  rapid,  that  it  might 
reasonably  be  suspected  that  the  carbon  which  they  require  was 
introduced  in  great  part  by  this  way  of  absorption.  In  that 
series  of  beautiful  experiments  in  which  M.  Saussure  exposed 
plants  to  the  influence  of  atmospheres  more  or  less  charged 
with  carbonic  acid,  the  water  in  which  their  roots  were  plunged 
was  in  contact  with  the  mixed  atmospheres.  It  was  therefore 
possible  that  the  carbonic  acid  gas  entered  the  vegetables  in 
the  solution  by  the  roots. 

S^DOiebier  made  an  experiment  to  show  that  leaves  decompose 
both  the  carbonic  add  which  is  in  contact  with  them  externally 
and  that  which  is  dissolved  in  the  water  absorbed  by  their  woody 
tissue.  He  took  two  branches  of  a  peach-tree,  and  introduced 
them  into  a  couple  of  bell-glasses  filled  with  water  from  the 
same  spring."^  The  lower  end  of  each  branch  dipped  into  a  flask. 
One  of  the  flasks  was  filled  with  water  charged  with  carbonic 
add ;  the  other  contained  air  :  the  two  bell-glasses  were  exposed 
to  the  light.  The  leaves  of  the  branch  whose  extremity  dipped 
into  the  solution  of  carbonic  add,  disengaged  99.4  cubic  inches 
of  oxygen  gas  under  the  bell  which  covered  it ;  the  leaves  of  the 
other  branch  only  produced  52.2  cubic  inches  in  the  same  time. 

This  experiment  does  not  perhaps  afford  all  the  suflicient 
evidence  of  the  decomposition  of  gaseous  carbonic  acid  as  it  oc- 
curs in  the  atmosphere,  and  mixed  with  a  great  mass  of  air.  It 
appears,  however,  that  the  leaves  of  plants  have  the  power  of 

*  This  was  oommon  water  containing  carbonic  acid. 
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decomposing  the  gaseous  carbonic  acid  which  is  mixed  with  the 
air,  and  that  even  with  surprising  rapidity. 

In  the  summer  of  1 840,  I  introduced  into  a  balloon  of  the 
capacity  of  about  twelve  quarts  and  a  half,  and  furnished  with 
three  tubulures  or  openings,  the  branch  of  a  vine  in  full  growth 
and  bearing  twenty  leaves.  The  woody  part  of  the  brandi  was 
fixed  by  means  of  a  collar  of  caoutchouc  to  the  lower  orifice 
of  the  balloon ;  a  fine  tube,  intended  to  establish  a  communica- 
tion between  the  interior  of  the  vessel  and  the  outer  air,  was 
introduced  into  the  superior  tubulure ;  the  lateral  opening  com- 
municated by  means  of  a  tube  with  an  apparatus  which  mea- 
sured with  great  accuracy  the  quantity  of  carbonic  acid  contained 
in  the  atmosphere. 

In  this  experiment  the  air,  before  reaching  the  apparatus  for 
measuring  the  carbonic  acid,  passed  through  the  great  balloon 
containing  the  vine  branch.  The  rate  with  which  the  air  passed 
through  the  apparatus  was  regulated  by  the  flow  of  an  aspirator, 
and  was  at  the  rate  of  about  twelve  quarts  per  hour. 

The  apparatus  was  exposed  to  the  sun ;  the  experiment  be- 
ginning at  eleven  and  finishing  at  three  o'clock. 

In  one  experiment  it  was  found,  all  corrections  made,  that 
the  atmospheric  air,  after  having  passed  through  the  balloon, 
contained  in  volume  0.0002  of  carbonic  acid  gas ;  the  air  of  the 
adjoining  court  contained  at  the  same  moment  0.00045  of  car- 
bonic acid. 

In  another  experiment,  the  air  after  having  passed  over  the 
leaves,  contained  but  0.0001  of  carbonic  acid;  the  air  of  the 
court  containing  0.0004  of  the  same  gas.  In  traversing  the 
space  in  which  the  vine  brandi,  exposed  to  the  light  of  the  sun, 
was  included,  therefore  the  air  was  deprived  of  three  fourths  of 
the  whole  quantity  of  carbonic  acid  which  it  contained. 

In  operating  with  the  same  apparatus  during  the  night,  op- 
posite results  were  obtained ;  the  air  in  traversing  the  balloon 
generally  acquired  a  quantity  of  carbonic  acid,  the  double  of 
that  which  the  atmosphere  contained  at  the  same  moment. 

I  conceive  that  it  is  by  such  a  method  as  this,  that  the  general 
phenomena  of  vegetable  respiration  in  plants  still  connected  with 
the  soil  ought  to  be  studied. 


ASSIMILATION   OF  AZOTE.  41 

The  experiments  which  I  have  now  related  must  satisfy  every 
one,  that  the  leaves  of  living  plants  actually  assimilate  the  carbon 
which  occurs  in  our  atmosphere  in  the  state  of  carbonic  acid ; 
ihey  also  explain  the  well-known  fact  that  plants  thrive  better 
in  air  that  is  in  motion,  and  frequently  renewed,  than  in  a  per- 
fect calm. 

From  all  we  have  seen  up  to  this  time  then,  we  feel  au- 
thorized to  conclude  that  the  greater  proportion  if  not  the 
whole  of  the  carbon  which  enters  into  the  constitution  of  vege- 
tables is  derived  from  the  carbonic  add  of  the  atmosphere.  The 
experiments  cited,  show  how  the  vital  force  acts  at  first  on  the 
oxygen  of  the  sur  during  germination,  and  next  upon  its  carbonic 
add  during  vegetation  properly  so  called.  But  in  none  of  the 
experiments  which  have  been  quoted,  have  we  seen  anything 
which  could  lead  us  to  suspect  that  the  azote  of  the  atmo- 
sphere vras  absorbed  in  sensible  quantity. 

It  is  true,  indeed,  that  at  one  time  Priestley,  and  after  him, 
Ingenhousz,  thought  that  they  had  observed  an  absorption  of 
azote  during  the  growth  of  plants  in  confined  atmospheres.  But 
the  experiments  which  have  been  since  performed  by  Saussure 
have  not  confirmed  their  condusions  upon  this  point.  Saussure 
even  thought  that  he  had  perceived  a  slight  exhalation  of  azote. 

Neverthdess,  the  presence  of  azote  in  vegetables  being  incon- 
testible,  and  the  assimilation  of  this  prindple  during  their 
growth  being  in  some  sort  demonstrated  by  the  fact  that  seeds 
are  multiplied,  physiologists  were  led  to  imagine  that  the  azote 
was  derived  fit)m  the  soil.  And  in  nature,  indeed,  the  growth 
of  a  plant  does  not  take  place  at  the  sole  cost  of  water  and  the 
atmosphere.  The  roots  which  attach  it  to  the  earth  there  also 
find  dements  of  nutrition.  In  ordinary  circumstances  the  growth 
of  a  plant  takes  place  by  the  simultaneous  concurrence  of  the 
food  which  the  roots  encounter  in  the  ground,  and  that  which 
the  leaves  abstract  firom  the  gaseous  dements  of  the  air.  As  it 
18  further  acknowledged  that  the  food  which  is  supplied  by  the 
8oQ  is  for  the  most  part  azotised,  manures  have  therefore  been 
regarded  as  the  prindpal  and  even  as  the  exdusive  soim^  of 
the  azote  which  is  met  with  in  vegetables.  The  observations  of 
Hermbstsedt,  in  showing  that  the  grain  which  was  grown  imder 
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the  influence  of  the  most  highly  azotised  manures,  contained 
the  largest  quantity  of  gluten,  gave  a  certain  force  to  this  view. 
Nevertheless  there  are  facts  well-established  in  agriculture  which 
induce  us  to  think  that  in  many  cases  vegetables  find  in  the 
atmosphere  a  part  of  the  azote  which  is  necessary  to  their  con- 
stitution. 

The  majority  of  crops  exhaust  the  soil ;  but  there  are  still 
some  which  render  it  more  fertile.  We  shall  see,  by  and  by, 
when  treating  of  the  rotation  of  crops,  that,  if  after  having  cut 
a  field  of  trefoil  once,  the  second  crop  be  ploughed  down,  new 
fertility  is  communicated  to  the  ground,  in  spite  of  the  con- 
siderable mass  of  forage  which  had  previously  been  taken  fi*om 
it.  It  appears  therefore  evident,  that  in  ploughing  down 
this  second  crop  we  restore  such  a  quantity  of  organic  or  or- 
ganizable  matter,  that  all  things  taken  into  account,  the  ground 
actually  receives  more  fi*om  the  atmosphere  than  was  taken 
away  from  it  in  the  first  cutting. 

The  latest  experiments  of  physiologists  would  seem  to  show 
that  plants  merely  take  carbon  from  the  air,  and  appropriate  the 
elements  of  water.  But  the  ideas  which  are  now  generally 
adopted  in  regard  to  active  principle  of  manures  make  it  diffi- 
cult to  conceive  that  the  soil,  by  receiving  non-azotised  matters 
only,  could  acquire  the  degree  of  fertility  which  is  c^lainly 
obtained  firom  the  cultivation  of  those  crops  that  are  called 
ameliorating^  a  fertility  which  enables  us  to  foUow  these  crops 
with  others,  rich  in  azotised  principles. 

There  is  therefore  reason  for  believing  that  the  ploughing  in 
of  certain  green  crops,  and  fallowing,  are  not  effectual  merely  by 
introducing  carbon,  hydrogen,  and  oxygen,  but  azote  also  into 
the  soil.  And  it  is  absolutely  necessary  that  this  should  be  so, 
in  order  that  the  fertility  of  those  lands  may  be  maintained 
which,  from  their  position,  can  receive  no  manures  from  without. 
Let  us  take,  for  example,  a  farm  laid  out  for  the  growth  of 
white  crops,  and  the  rearing  of  cattle.  Every  year  there  is  an 
exportation  of  grain,  of  flesh,  and  of  the  produce  of  the  dairy ; 
that  is  to  say,  there  is  incessant  exportation  without  any  percep- 
tible importation  of  azotised  matter.  Nevertheless,  the  soil 
maintains  its  fertility ;  its  losses  are  repaired  by  the  principles 
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which  in  a  good  system  of  cultivation  pass  from  the  atmosphere 
into  the  earth ;  and  among  the  number  of  these  fertilizing  prin- 
ciples it  is  beyond  all  question  that  azote  must  be  present,  in 
order  that  so  much  of  this  element  as  has  been  exported  may  be 
replaced. 

The  best  established  facts  in  agriculture  therefore  concurred 
in  showing  that  azote  is  among  the  number  of  the  elements  that 
are  fixed  by  plants  during  their  growth.  Still  as  this  truth 
had  not  been  proved  by  the  experiments  of  physiologists,  the 
question  had  to  be  considered  as  yet  undecided.  It  was  with  the 
hope  of  clearing  up  every  thing  in  connexion  with  it  that  I  un- 
dertook the  series  of  experiments,  the  chief  features  of  which  I 
shall  now  detail.* 

I  had  necessarily  to  follow  a  method  of  inquiry  different  from  any 
which  had  yet  been  taken ;  I  had  no  chance  of  arriving  at  more 
definite  result^s  than  those  which  had  been  already  come  to,  had 
I  chosen  the  old  line  of  investigation.  I  therefore  called  in  the 
aid  of  elementary  analysis,  with  a  view  of  comparing  the  com- 
position of  the  seed  with  the  composition  of  the  harvest  produced 
from  it,  at  the  sole  cost  of  water  and  the  air.  By  proceeding  in 
this  way  I  believed  that  the  problem  was  capable  of  solution^ 
without  flattering  myself  that  I  have  completely  resolved  it, 
I  conceive  that  something  has  been  done  in  the  right  direction. 
The  subject  is  one  of  the  most  delicate  imaginable,  and  he  who 
enters  it  requires  indulgence. 

For  soil  I  made  use  of  burned  day  or  silicious  sand  freed  from 
all  organic  matter  by  proper  calcination.  In  this  soil,  moistened 
with  distilled  water,  were  sown  the  seeds  whose  weight  was 
known.  By  a  number  of  preliminary  trials,  the  quantity  of 
moisture  which  seed  of  the  same  kind,  of  the  same  growth,  and 
taken  at  the  same  moment,  lost  by  drying,  commenced  in  the 
stove  and  finished  in  an  oil-bath,  at  1 10^  C.  (230^  F.),  was  ascer- 
tained. The  porcelain  vessels,  in  which  the  experiment  was  con- 
ducted, were  placed  in  a  glass  house  at  the  end  of  a  large  garden. 
During  the  whole  term,  the  windows  were  kept  closed;  but 
the  sun  shone  on  the  house  all  day.      To  remove  the  produce, 

*  Bousainganlt,  Annales  de  chimie  et  de  physique,  t.  lxyii,  p.  5, 2e  96ne, 

1838. 

D  3 
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the  vessels  were  dried  by  a  gentle  heat.  The  roots  of  the  plants 
then  came  out  readily  ;  to  free  them  completely  from  any  adher- 
ing sand  they  were  moved  about  in  a  little  distilled  water,  but 
never  rubbed  or  bruised,  for  fear  of  loss ;  it  seemed  even  pre- 
ferable to  leave  a  little  sand  adhering.  The  harvest  was  then 
dried  in  the  stove  so  that  it  might  be  powdered ;  and  the  com- 
plete desiccation  was  effected  in  the  oil  bath  in  vacuo. 

In  ascertaining  previously  by  muneration  the  weight  of  the 
ashes  contained  in  the  seed,  that  of  the  produce,  freed  from  all 
saline  and  earthy  matter,  became  exactly  known. 

Elementary  analysis  then  proclaimed  the  composition  of  the 
produce ;  and  it  was  only  necessary  now  to  compare  it  with  the 
composition  of  the  seed,  to  have  ascertained  the  proportion  and 
the  nature  of  the  elements  which  had  been  assimilated  during 
the  vegetation. 

FIRST  EXPERIMENT. 

CULTURE    OF   RED    CLOVER    DURING   THREE    MONTHS. 

In  the  beginning  of  August  a  quantity  of  seed  was  sown, 
which,  being  dry  and  free  from  ashes,  would  have  weighed 
1.586granune,  or  24.4 8grs.  troy.  The  crop  presented  a  veiy 
good  appearance ;  the  clover  was  from  three  to  three  and  a  half 
inches  in  height.  The  largest  leaves  could  be  included  in  a 
circle  of  about  two  inches  in  diameter.  The  length  of  the  roots 
varied  between  two  and  four  inches.  Dried  and  bruised,  the 
colour  of  the  produce  was  a  deep  green. 

The  plant  gathered  quite  dry,  and  supposed  free  from  ash, 
weighed  4. 106gramme,  or  63.38grs.  troy;  analysis  showed  it  to 
consist  of 

In  the  Med.  In  the  produce. 

Carbon         .         .         .  50.8  50.7 

Hydrogen    ...  6.0  6,6 

Azote  ....  7.2  3.8 

Oxygen        .                  .  36.0  88.9 

100.0  1.000 

RESULTS. 

Carbon.    Hydrogen.     Oxygen.       Asote. 

24.48gr8.  troy  cont>«.  after  the  analysis  12.44  1.466  8.815  1.759 
63.38  „  „  „  82.141     4.183     24.155     2.408 

88.90=gr8.  during  cultivation  +19.70  +  2.717  +  15.840+0.649 
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Thus,  in  the  course  of  three  months,  the  elementary  matter  of 
the  seed  had  nearly  doubled,  and  the  azote  of  the  plants  gathered 
shows  an  excess  of  0.042gramme,  or  0.649grs.  troy  above  the 
azote  of  the  seed  sown. 

SECOND  EXPERIMENT. 

OHOWTH    OF   FBAS. 

Five  peas,  very  nearly  of  the  same  weight  and  together 
weighing  1.211gramme  or  18.69grs.  troy,  were  planted  on  the 
9th  of  May  in  a  soil  of  recently  burned  day  in  rough  pow- 
der. On  the  1 6th  of  July,  the  plants  began  to  bloom,  each  pea 
having  furnished  a  stem  bearing  a  single  flower. 

On  the  15th  of  August  the  pods  were  quite  ripe;  the  stems 
were  then  from  39  to  40  inches  in  height.  The  leaves  were 
smaller  than  those  of  the  same  peas  grown  in  manured  earth. 
The  length  of  the  pods  was  about  1.27  inch,  by  a  breadth  of  about 
0.43  inch.  Four  of  these  pods  each  contained  two  seeds ;  the  fifth 
had  only  one,  but  it  was  much  longer  than  any  of  the  others. 

The  nine  peas  gathered  and  dried  in  the  sim,  weighed 
1.674gram.  or  25.84grs. ;  after  desiccation  in  vacuo,  at  110**  C. 
(230^  F.)  they  weighed  1.507gram.  or  23.26grs.  troy;  on  com- 
bustion they  yielded  0.9  per  cent,  of  residue. 

The  roots,  the  stems,  the  pods,  and  the  leaves,  dried  at  230®  F. 
wdghed  3.314gram.  or  51.16grs.  troy;  and  by  combustion 
gave  10.3  per  cent,  of  ashes. 

As  the  result  of  several  experiments,  it  was  ascertained  that  peas, 
exactly  in  the  condition  of  those  which  had  been  planted,  con- 
tained 91.4  per  cent,  of  dry  matter,  and  left  by  incmeration 
3.14  per  cent,  of  residue.  The  five  peas  planted,  taken  as  dry 
and  fi4e  from  ashes,  would  therefore  have  weighed  1.072gram. 
or  1 6.54grs.  troy. 

Analysis  shewed  in  the : 


Pwtiown. 

Peaf  collected. 

straw  and  roota. 

Carbon 

.     48.0 

54.9 

52.8 

Hydrogen 

.       6.4 

6.8 

6.2 

Azote 

.       4.3 

3.6 

1.6 

Oxygen 

.     41.3 

34.7 

39.4 

100.0  100.0  100.0 
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BB8ULT8. 

Carbon         Hydrogen       Oxygen  Azote 

Seeds  16.549,  contng.        .         .         .     7.950       1.065       6.523       0.710 
Crop   68.560,     »     ♦       .         .         .  36.680      4.384     25.980       1.559 

52.02grs.  by  cultiTBtion  .  +28.73  +3.319   +19.11   +0.849 

From  this  experiment  it  appears  that  1 6.549grs.  of  seed  foimd 
in  the  air  and  obtained  from  the  water  with  which  they  had 
been  supplied  during  their  growth,  52.02grs.  of  elementary 
matter  in  the  course  of  ninety-nine  days*  growth,  during  the 
warmest  months  of  the  year;  and  that  the  quantity  of  azote 
originally  contained  in  the  seed  was  more  than  doubled  in  the 
produce  arrived  at  maturity. 

THIRD  EXPERIMENT. 

GROWTH    OF   WHEAT. 

Forty-six  wheat  corns  were  sown  in  burnt  sand  at  the  be- 
ginning of  the  month  of  August.  At  the  end  of  September, 
the  stalks  were  from  fourteen  to  fifteen  inches  in  height.  The 
greater  number  of  the  lower  leaves  were  yellow.  The  roots 
were  of  very  considerable  length,  and  formed  a  kind  of  mat, 
which  made  it  difficult  to  wash  and  free  them  fix^m  sand. 

RESULTS    OF   THE    ANALYSIS. 

Seeds.  Crop. 

Carbon  .  .  46.6  48.2 

Hydrogen  •  •  5.8  5.8 

Azote  .  .  3.45  2.0 

Oxygen  .  .  44.15  44.0 


100.00  100.0 


RESULTS. 

Gn.  Carbon  Hydrogen  Oxygen  Asote 

The  seed  dried  .         25.38  cont°K.  11.84        1.46  11.19  0.87 

The  seed  dried  •         46.65       ,,        22.47        2.67  20.57  0.92 


Grain  by  culture       .        21.27  +10.63    +1.21     +9.38     +0.05 

In  the  course  of  three  months'  growth,  therefore,  the  weight 
of  the  seed  had,  so  to  speak,  doubled ;  but  the  grain  azote  was 

♦  Peas  .         .         .  45.89 

Straw  and  shells  .  22.66 


Total  weight  of  the  crop  68.55 
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scarcely  appreciable.  Nevertheless,  this  experiment  upon  the 
wheat  had  been  conducted  under  precisely  the  same  drcum- 
stances  as  that  made  upon  the  clover.  The  two  crops  grew  in 
the  same  apparatus ;  they  were  watered  with  the  same  water 
which  they  received  very  nearly  in  the  same  quantity ;  the  seed 
was  even  sown  in  vessels  having  exactly  the  same  extent  of 
surface,  in  order  that  either  crop  might  be  exposed  to  the 
same  chances  of  error  arising  from  the  accidental  presence  of 
dust  in  the  atmosphere. 

The  plants  produced  under  the  circumstances  indicated  were 
fiaur  fit>m  presenting  the  vigour  which  they  would  have  shown 
had  they  been  grown  in  the  open  field.  After  three  months  of 
growth,  the  clover  was  much  less  forward  than  some  which  had 
been  sown,  for  comparison,  in  a  manured  and  gypsumed  soil 
at  the  same  time.  The  wheat  shewed  the  same  weakness ;  and 
after  the  second  month,  I  observed  that  each  new  leaf  which  was 
developed  upwards  in  the  stem,  caused  one  of  those  at  the  lower 
part  to  droop  and  grow  yellow.  The  peas,  although  they  reached 
maturity,  had  much  smaller  leaves,  and  both  fewer  and  smaller 
seeds  than  similar  plants  grown  at  large. 

It  is  well  known  that  it  is  in  great  part  due  to  the  fertility 
of  the  soil  in  which  seeds  are  grown  that  the  health  and  vigour 
of  young  plants  must  be  ascribed.  A  celebrated  agriculturist, 
Schwartz,  ascertained  for  example  that  yoimg  coleworts  or 
cabbage  plants  exhausted  in  a  remarkable  manner  the  soil  in 
which  they  were  raised  for  transplantation.  The  good  effects 
of  the  first  nourishment  obtained  in  a  well  manured  soil  must 
extend  subsequently  to  every  part  of  the  vegetable ;  and  it  is  easily 
understood  that  a  plant  which  has  languished  in  its  earliest  periods 
of  existence  can  never  acquire  a  good  constitution  afterwards. 

It  therefore  became  interesting  to  carry  out  experiments  of 
the  nature  of  those  already  related,  in  connexion  with  plants 
vigorously  organized,  and  which  had  been  raised  in  the  first 
instance  in  a  fertile  soil. 

FOURTH  EXPERIMENT. 

GROWTH   OF   CLOYBB. 

In  a  field  of  dover  sown  in  the  spring  of  the  preceding  year. 
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several  plants  as  like  one  another  as  possible  were  chosen.  The 
earth  adhering  to  the  roots  was  removed  by  careful  washing 
under  a  small  stream  of  water;  the  plants  were  then  made 
dry  between  leaves  of  blotting  paper,  and  exposed  for  a  few 
hours  in  the  air.  Three  of  these  plants  preserved  for  analysis 
weighed  when  green  6.750grammes  or  104.20grs.  troy. 

Three  other  plants  weighing  6.820gram.  or  105.28grs.  troy, 
were  set  in  sand  recently  calcined  and  moistened  with  distilled 
water.  The  transplanting  took  place  on  the  28th  of  May,  and 
the  plants  were  forthwith  protected  from  dust. 

For  some  days  they  seemed  to  languish,  but  by  and  bye  they 
became  remarkably  vigorous.  In  a  month  the  clover  had  grown 
to  twice  its  original  height,  and  the  leaves  were  of  the  most 
beautiful  green :  the  plants  had  in  all  respects  as  fine  an  appear- 
ance as  the  clover  of  the  same  age  which  had  been  left  growing 
in  the  field.  The  flowers  shewed  themselves  upon  the  8th  of 
July,  and  by  the  1 5th  the  flowering  was  complete :  an  end  was 
put  to  the  experiment  on  the  1st  of  August. 

HB8ULT8    OF  THB    ANALYSIS. 
SIVOMt  CULTVUt.  AFTBR  CVLTURV. 

Carbon  .  .  43.42  „  53.00 

Hydrogen  .  .  5.40  „  6.51 

Azote  .  .  .  3.75  „  2.45 

Oxygen  .  .  47.43  „  88.14 

100.00  100.00 

RESULTS. 

The  trefoil  transplanted,  weighed  when  dry  and  freed  ftx>m  ashes   •     1 3.64 
After  sixty-three  days'  culture  on  barren  soil,  it  weighed   .  .34.96 

Ghuned  during  culture  .  .  .     21.32 

Cmrbon.      Hydrogen.      Oxygen.        Axote. 

The  plant  contained  :  before  culture   .       5.92        0.74        6.46        0.50 

after  culture     .     18.52         2.23       13.32       0.864 
Difference         .-j- 12.60     +1.49     -j-6.86     +0.35 

Thus  in  two  months'  growth  at  the  cost  of  the  air  and 
water,  the  clover  had,  so  to  say,  tripled  its  quantity  of  organic 
matter ;  and  the  weight  of  azote  contained  in  it  was  very  nearly 
doubled. 
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FIFTH  EXPERIMENT. 


VBOBTATIOK  OF  OATS. 


I  always  fafled  in  my  attempts  to  transfer  wheat  plants  from  the 
ordinary  soil  in  which  the  grain  had  been  sown  to  barren  sand ; 
they  never  survived  the  transplantation.  It  was  not  different 
with  oat  plants ;  they  also  always  died.  It  was  at  first  supposed 
that  the  delicate  radicles  of  these  plants  had  been  injured  in  the 
process  of  taking  them  up  and  freeing  their  roots  from  adhering 
vegetable  soil ;  but  I  soon  saw  that  this  could  not  have  been  the 
case»  for  the  same  plants,  treated  precisely  in  the  same  manner, 
took  very  promptly  when  transplanted  to  garden  mould,  and 
even  when  they  were  put  with  their  roots  in  pure  water.  It  was 
with  water,  therefore,  that  the  following  experiment  was  con- 
ducted. 

June  20th,  several  oat  plants  were  taken  up  from  a  field,  and 
their  roots  were  washed  and  cleansed. 

Three  plants  preserved  for  analysis,  weighed  159.01  Igrs. 

Four  plants,  the  subjects  of  experiment,  weighed  221.844grs. 
troy.  They  were  protected  from  dust,  their  roots  dippmg  into  a 
vessel  containing  distilled  water,  which  was  regularly  kept  up  to 
the  same  level.  By  the  middle  of  July  the  stalks  of  these 
plants  had  grown  to  twice  their  former  length ;  and  at  tliis  time 
it  would  have  been  difficult  to  have  distinguished  them  from 
those  growing  in  the  open  field.  By  the  end  of  July  the  dus- 
ters  had  formed;  and  on  the  10th  of  August  the  grain  seemed 
ripe.  It  was,  therefore,  taken  up  and  dried  in  the  stove,  and 
reduced  to  powder  to  complete  the  desiccation  at  110**  cent. 
(230^  Fahr.) 

ANALYSIS   OF   THB   CHOP. 


Carbon 
Hydrogen 
Oxygen 
Azote 


Traniplanted. 

Gathered  from  the  field. 

53.0 

48.0 

6.8 

6.2 

36.4 

44.0 

3.8 

1.7 

100.0 


100.0 


E 
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SUMMARY. 
C«rbon         Hjdrogtn         Oxygen  Asote 

The  oats  when  transplanted 

contained       .         .         .    12.967       1.636         8.770         0.910 
After  48  days  of  growth  in  dis- 

tiUed  water  they  contained    23.157      2.979       21.180        0.818 

+  10.190  +1.343  +12.410    —0.092 

The  analysis,  therefore,  mdicates  a  trifling  loss  of  azote. 

In  recapitulating  the  conclusions  obtained  from  these  expm- 
ments,  we  find : 

First.  That  trefoil  and  peas  grown  in  a  soil  absolutely  with- 
out manure,  acquired  a  very  appreciable  quantity  of  azote,  in 
addition  to  a  large  quantity  of  carbon,  hydrogen,  and  oxygen. 

Second.  That  wheat  and  oats  grown  in  the  same  circum- 
stances, took  carbon,  hydrogen,  and  oxygen  from  the  air  and 
water  around  them;  but  that  analysis  showed  no  increase  of 
azote  in  these  plants  after  their  maturity. 

The  mode  of  experimenting  followed  had  it  in  view  simply  to 
determine  the  assimilation  of  azote  by  certain  vegetables,  with- 
out entering  into  the  question  of  the  means  by  which  this  was 
effected ;  and,  indeed,  in  reference  to  the  point,  I  can  only  offer 
conjectures. 

Azote  may  enter  the  living  frame  of  plants  directly,  or,  as 
M.  Piobert  has  maintained,  in  the  state  of  solution  in  the  water, 
always  aerated,  which  is  taken  up  by  their  roots.*  The  observa- 
tions of  vegetable  physiologists  are  not  generally  favourable  to 
this  view.  It  is  farther  possible  that  the  element  in  question 
may  be  derived  from  ammoniacal  vapours,  which,  according  to 
some  philosophers,  exist  in  infinitely  small  proportion  in  our 
atmosphere.  These  vapours,  dissolved  by  rains  and  dews,  would 
readily  make  their  way  into  plants,  and  might  there  undergo 
elaboration. 

It  is  long  since  Saussure  alluded  to  the  probable  influence  of 
ammoniacal  vapours  upon  vegetation.  Prof  Liebig  has  more 
recently  maintained  the  same  opinion,  and  has  taken  particular 
pains  to  prove  that  rain-water  always  contains  a  very  minute 
quantity  of  carbonate  of  ammonia. 

To  this  cause,  which  must  have  the  effect  of  infusing  an 
azotised  principle  into  the  tissues  of  plants,  must  be  added 

*  Rohert,  M6m.  de  I'Acaddmie  de  Metz,  1837. 
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another,  which  is  perhaps  not  the  least  energetic.  It  is  this, 
that  under  certain  electrical  influences,  of  which  M.  Becquerel 
has  made  a  particular  study,  hydrogen  in  the  nascent  state,  in 
contact  with  azote,  may  actually  give  rise  to  ammonia.  By 
means  of  this  view,  it  becomes  easy  to  conceive  how  non-azotised 
organic  substances,  imder  the  mere  influence  of  the  putrid  fer- 
mentation, might  give  origin  to  ammoniacal  salts,  which  would 
then  exercise  a  fertilizing  action  on  the  soil. 

During  the  growth  of  plants,  a  portion  of  the  water  absorbed 
by  the  roots  is  evidently  assimilated;  and  this  circumstance 
enables  us  to  conceive  the  formation  of  many  of  the  im- 
mediate principles  of  vegetables,  the  chemical  composition  of 
wluch  is  precisely  represented  by  carbon  and  the  elements  of 
water ;  such  are  starch,  sugar,  etc.  We  can  also  understand  the 
pteseace  of  those  principles,  which  have  further  a  certain  propor- 
tion of  oxygen  in  excess,  inasmuch  as  we  have  ascertained  that 
during  the  decomposition  of  carbonic  acid  by  the  green  parts 
of  vegetables,  the  whole  of  the  oxygen  is  not  eliminated.  But 
there  are  substances  elaborated  by  plants  which,  with  reference 
to  oxygen,  contain  a  quantity  of  hydrogen  much  greater  than 
is  requisite  to  form  water ;  such  are  the  resins  and  other  car- 
burets of  hydrogen  in  the  cone-bearing  trees,  and  the  fat  oils  in 
the  oleaginous  seeds.  This  excess  of  hydrogen  led  several  phy- 
siologists to  conclude  that  water  was  decomposed  in  the  course 
of  T^;etation, — that  there  was  fixation  of  its  hydrogen  and  disen- 
gagement of  its  oxygen  gas. 

Nevertheless,  the  presence  of  hydrogen  in  excess  in  certain 
immediate  vegetable  principles  is  no  decisive  proof  of  the  dis- 
junction of  the  elements  of  water ;  and  if  no  definitive  conclusion 
has  been  come  to  on  the  point,  up  to  the  present  moment,  it  is 
because  these  hydrogenized  principles  are  produced  in  plants  which 
live  under  the  influence  of  certain  organic  substances  that  are  met 
with  in  the  soil,  where  they  act  as  manures,  their  composition 
being  always  complex,  and  often  highly  hydrogenized. 

The  experiments  of  M.  de  Saussure  do  not  lead  us  to  suspect 
the  decomposition  of  water ;  inasmuch  as  by  keeping  plants  for 
a  whole  month,  under  receivers  filled  with  atmospheric  air 
t&di  fifom  carbonic  add,  no  apparent  evolution  of  oxygen  was 

£  2 
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observed.  Operating  in  the  same  manner  with  air  containing  a 
certain  proportion  of  carbonic  acid,  the  quantity  of  oxygen  dis- 
engaged was  always  less  than  that  which  entered  into  the  con- 
stitution of  the  acid  decomposed. 

This  is  the  place  to  observe,  and  in  connexion  with  these 
very  experiments  of  M.  de  Saussure,  how  little  satisfactory  this 
partial  decomposition  of  carbonic  acid,  which  corresponds  to  no 
definite  proportion,  appears.  We  already  feel  the  difficulty  of 
conceiving  that  this  acid  should  be  completely  reduced  by  a 
living  plant ;  that  is  to  say,  that  the  whole  of  its  carbon  should 
become  assimilated.  The  entire  separation  of  a  body  so  greedy 
of  oxygen  as  carbon  from  its  most  highly  oxygenated  compound, 
must  needs  excite  the  greatest  astonishment. 

The  readiest  conception  suggested  by  the  facts  is  this ;  that 
by  the  agency  of  the  solar  light,  and  under  the  influence  of  the 
green  matter,  carbonic  acid  is  tiu-ned  into  carbonic  oxide  by 
losing  a  portion  of  its  oxygen.  This  modification  appears  more 
in  conformity  with  the  ascertained  principles  of  chemical  and 
physiological  science.  Still  it  must  be  allowed,  that  facts  agree 
as  little  with  this  mode  of  viewing  the  question  as  with  that 
which  assumes  the  entire  decomposition  of  the  carbonic  add. 
On  the  first  assumption,  the  proportion  of  oxygen  set  at  liberty 
is  too  small ;  in  the  second,  it  is  too  great. 

The  negative  results  of  M.  de  Saussure,  in  relation  to  the 
separation  of  the  elements  of  water  during  vegetation,  were 
obtained  in  the  absence  of  carbonic  acid,  whUst  the  experiments 
which  established  the  decomposition  of  this  latter  body,  were 
necessarily  made  under  the  influence  of  moisture.  It  is  possible, 
therefore,  that  the  water  and  the  carbonic  acid  underwent  simul- 
taneous decomposition ;  and  it  becomes  interesting,  taking  this 
view,  to  inquire  whether  the  hypothesis  according  to  which 
carbonic  acid  undergoes  transformation  into  carbonic  oxide  does 
not  acquire  a  certain  degree  of  probability  by  calling  in  the  effect 
of  the  decomposition  of  water  in  the  phenomena  observed. 

One  volume  of  the  gaseous  oxide  of  carbon  takes  half  a 
volume  of  oxygen  gas  to  form  one  volume  of  carbonic  add. 
Reciprocally,  one  volume  of  carbonic  acid  gas,  in  undergoing 
transformation  into  the  oxide  of  carbon,  will  give  one  volume 
of  the  oxide,  +  ^  a  volume  of  oxygen  gas. 
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Thus,  in  the  hypothesis  which  we  now  discuss,  for  each 
volume  of  carbonic  acid  that  is  modified  by  the  vegetation, 
there  will  be  half  a  volume  of  oxygen  gas  disengaged.  Any 
oxygen  more  than  this  half  volume  which  appears,  must  be 
r^arded  as  proceeding  from  the  decomposition  of  water,  the 
hydrogen  of  which  will  have  been  assimilated  by  the  plant  at 
the  same  time  as  the  carbonic  oxide  derived  from  the  carbonic 
add ;  and  this  view  would  perhaps  enable  us  to  conceive  how 
the  volume  of  oxygen  which  is  disengaged  during  the  process 
of  v^etation,  may  exceed  the  volume  which  ought  to  be  pro- 
duced, if  the  carbonic  acid  decomposed  really  passed  into  the 
state  of  carbonic  oxide. 

We  may  perchance  obtain  a  more  convincing  proof  of  the 
separation  of  the  elements  of  water,  in  analyzing  plants  grown  in 
a  soil  absolutely  without  any  organic  matter  capable  of  aflFording 
them  hydrogenous  elements. 

In  fact,  if  a  plant  which  is  grown  under  such  circumstances, 
contains  hydrogen  in  any  larger  proportion  than  that  which 
were  necessary  to  transform  its  oxygen  into  water,  we  might 
conclude  with  some  certainty  that  the  elements  of  water  had 
been  separated ;  the  objection  made  on  the  score  of  the  presence 
of  manure  would  then  be  got  rid  of  entirely.  The  analyses 
which  have  already  been  laid  before  the  reader  supply  data  for 
this  investigation ;  it  has  only  to  be  ascertained  whether,  in  the 
elements  gained  in  the  course  of  vegetation,  the  hydrogen  is  in 
excess  with  reference  to  the  oxygen  or  not.  The  following  table 
presents  a  summary  view  of  our  experiments : 

Oxygen       Hydrogen      Hydrogen    Hydrogen 
aMlmilated  osaimilated  forming  water  Inexcen 

Experiment  1.  Trefoil     ....  18.926  2.717  2.362  0.355 

Ejqwriment  2.  Peas 19.096  3.319  2.392  0.926 

Kxperiment  3.  Wheat      ....  9.386  1.204  1.173  0.030 

Ei^criment  4.  Transplanted  TrefoU  6.854  1.495  0.849  0.646 

£i^>eriment  5.  Oats 12.410  1.343  1.343 

In  the  four  first  experiments,  the  hydrogen  gained  evidently 
exceeds  very  sensibly  the  quantity  required  by  the  oxygen  to 
form  water.  The  experiment  with  the  oats,  indeed,  presents  an 
exception ;  but  it  must  be  remembered  that  here  a  loss  of  azote 
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was  ascertained.  These  analyses,  therefore,  appear  to  indicate 
an  assimilation  of  hydrogen  in  the  course  of  vegetation,  in  con- 
sequence of  a  decomposition  of  water  analogous  to  that  of 
carbonic  acid,  and  very  probably  effected  by  the  same  means. 


$  III. OF  THE   INORGANIC   MATFERS   CONTAINED   IN  PLANTS— 

THEIR  ORIGIN — OP  THE   CHEMICAL   NATURE   OP   SAP. 

When  a  plant  is  burned,  there  always  remains  a  residue, 
which  is  commonly  designated  as  the  ash.  Every  part  of  a 
plant  gives  a  residue  of  the  same  essential  kind ;  but  it  varies 
in  its  quantity  and  somewhat  also  in  its  composition.  Equal 
weights  of  dry  herbaceous  plants  leave  more  ashes  than  woody 
plants.*  In  a  tree,  the  trunk  gives  more  ash  than  the  branches, 
and  these  give  less  than  the  leaves.f  The  residue  left  by  the  com- 
bustion is  commonly  composed  of  salts, — alcaline  chlorides,  with 
bases  of  potash  and  soda,  earthy  and  metallic  phosphates,  caustic 
or  carbonated  lime  and  magnesia,  silica,  and  oxides  of  iron  and 
of  manganese.  Several  other  substances  are  also  met  with  there, 
but  in  quantities  so  small  that  they  may  be  neglected. 

The  principles  usually  met  with  in  the  ashes  of  vegetables, 
are  always  found  in  the  soil,  which  exercises  the  greatest  in- 
fluence upon  the  nature  and  quantity  of  the  saline  and  earthy 
matters  which  remain  after  the  combustion  of  plants.  Those 
which  grow  in  a  soil  derived  from  silicious  rocks,  yield  ashes 
that  are  richer  in  silica  than  those  that  are  produced  in  a 
calcareous  soil.  But  according  to  M.  de  Saussure,  the  quality 
of  the  manure  has  a  still  more  decided  influence  on  the  nature 
of  the  ash,  than  the  geological  constitution  of  the  soil ;  according 
to  this  observer,  plants  of  the  same  species  which  have  grown 
upon  a  calcareous  sand,  and  upon  a  granitic  sand,  contain  the 
same  kind  of  ashes,  if  they  have  been  manured  with  the  same 
dung ;  and  different  species,  although  growing  in  the  same  earth, 

*  Kirwan,  Memoirs  of  the  Royal  Iriah  Academy,  vol.  v. 
t  Pertuis,  Annales  de  Chimie,  V*  s6ne,  t.  xix. 


do  not  contain  the  sajioe  and  earthy  constituents  of  their  ashes  in 
the  same  proportions  * 

WJAWmj  OF  ASUa  COtTTAlMBD  IN  TH»  DIFTEBBXT  PAKTB  OF  TXOSTABUB, 
ACCOKOIHa  TO   H.   OB  aAOSBDRB.f 


-"..«T..,^„. 

Tlmn  nhin  KUUD  roi 

*..«. 

Oak  leaves 

Ditto    do.                •             .             '. 

Oak  'bntncheB  barked           .             ', 

Bark  of  these  branches 

Oak  wood  distinct  from  alburnum    . 

Bark  of  same  tree  . 

liber  of  the  preceding  bark 

Leaves  of  poplar     . 

Ditto        ditto 

T^imk  of  ditto 

Bark  of  trunk  of  ditto 

Spanish  mulberry-tree  wood 

Albmnum  of  mulberry 

Bark  of  ditto            .             . 

Liber  of  ditto 

Chesnut-tree  leaves 

Ditto         ditto 

Fbwera  of  chesnut-tree 

Ripe  cbesnuta 

Peas  flowering 

Pew  in  pod 

Beans  in  flower 

Ditto  inpod           , 

Bean  straw 

Beans          .... 

Ditto  in  seed 

Wheat  straw 

Wheat       .... 

Bran           ...             . 

Indian  com  straw  . 

Indian  com 

BarUy  straw           '.             '.             '. 

BarfeT        .... 

Oats           ...             . 

Kne-tree  leaves  (Jura) 

Ditto     ditto  (Brocken) 

Kne-tree  branches  without  leaves    . 

10  May 

27  September 

10  May 

May 
September 

10  May  ' 
23  July 
10  May 
S  October 

*  20  June  ' 
20  June 
30  June 

0.053 
0,055 
0.004 
0.060 
0.002 
0.004 

o.oeo 

0.073 
0.066 
0,093 
0.008 
0,07-a 
0,007 
0.013 
0,089 
0.088 
0,073 
0,084 
0,071 
0,034 
0,093 
0,081 
0.1-22 
0,066 

0,1  rs 

0.033 
0.137 
0.093 
0.043 
0.013 
0.052 
0.084 
0.010 
0.043 
0,018 
0.031 
0,029 
0,029 
0,01  S 

*  Sanamre.  Recherchea  diimiques,  p.  383. 
t  Sauasnn,  iiii. 
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All  these  estimates  of  ashes  refer  to  plants  dried  during 
several  weeks  in  a  stove  heated  to  25®  cent.  (77**  Fahr.)  By 
such  drying,  however,  vegetable  substances  are  very  far  from 
losing  the  whole  of  the  water  which  they  contain.  The  quan- 
tities of  ashes,  therefore,  mentioned  by  M.  de  Saussure,  if  they 
be  referred  to  vegetables  absolutely  dry,  are  somewhat  too  smalL 

I  present  a  few  estimates  of  ashes  from  analyses  which  I 
have  had  occasion  to  make  of  some  of  those  plants  which  are 
the  usual  subjects  of  cultivation  with  us.  The  drying  here  was 
always  performed  with  care  in  an  oil-bath  heated  to  1 1 0®  cent. 
(230**  Fahr.)* 


SubfUnee  dried  at  280»  Fahr. 

Aahca. 

W  heat  straw    .... 

0,070 

Wheat 

0,024 

Rye  straw 

0,036 

Rye 

0,023 

Oat  straw 

0,051 

Oats 

0,040 

Potatoes 

0,040 

Beet-root 

0,063 

Turnip 

0,076 

Jerusalem  artichoke 

0,060 

Steins  of  ditto 

0,028 

White  peas 

0,031 

Pea  straw 

0,113 

Clover  hay 

0,077 

Meadow  hay    • 

0,090 

•  After  grass  (meadow) 

0,100 

We  owe  to  M.  Berthierf  the  following  results  of  the  incine- 
ration of  different  kinds  of  wood  burned  in  the  state  in  which 
they  are  generally  used. 

*  Ann.  de  Chimie,  1. 1.  pag.  234.  3e.  s^rie. 
t  Trait6  des  Essais,  1. 1.  page  259. 
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Kind  of  wood. 


Fir     . 

Birch. 

False  ebony 

Hazel 

White  mulberry 

Saint  Luda  wood 

Elder 

Judea-tree 

Oak  (branches) 

Oak  bark 

Lime-tree 

Poplar,  bark 

Box  wood 

Oak  barked,  ash 

Thorn 

Aspin-tree 

Oak  bark 

Black  wood 

Mahogany 

Ebony 

Oak  (feggot) 

Feams 


pine»  birch»  &c* 


Aihet. 


0,0083 
0,0100 
0,0125 
0,0157 
0,0160 
0,0160 
0.0164 
0,01 70 
0,0250 
0,0600 
0,0500 
0,0020 
0,0036 
0,0040 
0,0050 
0,0060 
0,0120 
0,0149 
0,0160 
0,0160 
0,0220 
0,0450 


J 


We  possess  several  analyses  of  ashes  from  different  parts  of 
the  same  plants  in  the  researches  of  MM.  de  Saussure  and 
Berthier.  As  the  knowledge  of  these  saline  substances  may 
prove  highly  important  in  our  agricultural  applications,  and 
as  it  further  completes,  in  some  sort,  the  facts  that  bear 
upon  the  chemical  phenomena  of  vegetation,  I  here  add  a 
table  of  the  results  obtained  by  the  skilful  analists  just 
quoted: 
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■n-rj 

0,002 

0,083 
0.060 
0,022 
0,078 
0,076 
0,086 
0,030 
0,083 
0.022 
0.027 

■•jpuo  =i[pn»« 

0,003 

0,005 
0,007 
0.005 
0,010 
0,002 
0.002 
0.005 
0.001 
0.005 
0,003 

■»,.. 

0,005 

0,020 

0,02S 

0,615 

0,005 
0,005 
0,180 
0,010 
0,570 
0,355 

■■nmoqnj  t<(ia3 

0.050 
0.375 

0.010 

0.010 
0.125 

0.510 

0,572 
0,310 
0,225 
0.125 
0.150 
0.140 
0,590 
0.140 
0,160 
0,180 

■qm«lio.p^,^, 

0,030 

0,120 
0,140 
0,009 
0,030 
0,002 
0.002 
0.025 
0,003 
0,005 
0,003 

-mwdjowmciine 

i=*o^ooo  i  -oooo 
""^■g-ooo-      oooo 

•qn)D<Ix)n*<ld»<U 

0,280 

0,439 
0,050 
0,320 
0.300 
0,097 
0,475 

0.092 

0,120 

0.150 
0.060 

0.259 
0,062 
0.445 
0,465 
0,050 
0.036 
0,078 
0^25 

1 
i 
t 

1" 

1 

Chesnutg     . 
Menyanthes    trifoliata    in 

(buckbean)    . 
The  same  cleared  of  seed 
Beans 

Wheat  straw 
Selected  wheat    . 
Wheat  bran 
Indian  com  straw 
Indian  corn 
Barley  straw 
Barley  in  the  huak       . 

■l^rmjo-BH 

-"    "-""--"S:: 

69 

Id  his  researches  upon  the  same  subject,  M.  Berthier  de- 
termined the  relation  of  the  insoluble  to  the  soluble  matters  in 
each  spedes  of  ash  examined ;  and  the  two  kinds  of  salts  were 
then  analysed  separately. 
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A  remark  made  by  Berthier,  and  arising  out  of  the  preceding 
analyses,  is  the  absence  of  alumina  in  the  constituent  principles 
of  the  ashes  examined.  The  results  previously  obtained  by  M.  de 
Saussure  fully  confirm  this  remark ;  and  if  in  some  cases  traces 
of  alumina  were  detected,  the  circumstance  was  attributed  to  the 
day  which  might  accidentally  have  adhered  to  the  plants.  Ac- 
cording to  M.  Berthier  the  absence  of  alumina  is  probably  owing 
to  its  insolubility  in  water,  and  its  weak  aflGinity  for  the  organic 
acids.  The  soluble  salts  of  alumina  with  mineral  acids  are,  it  is 
well  known,  unfavourable  to  vegetation,  and  in  an  arable  soil 
they  could  not  exist  along  with  calcareous  or  alcaline  carbonates : 
they  would  be  immediately  decomposed. 

However,  alumina  appears  actually  to  have  been  observed  in 
the  state  of  salt  in  the  juices  of  certain  plants ;  lycopodium 
complanaium^  an  infusion  of  which  is  employed  as  a  mordant  in 
dyeing,  contains  tartrate  of  alumina  -*  the  same  salt  has  been 
detected  in  verjuice ;  and  as  we  shall  see  presently,  Vauquelin 
found  acetate  of  alumina  in  the  sap  of  the  birch-tree.  I  may 
add  that  in  a  considerable  number  of  analyses  of  ashes,  produced 
from  plants  and  seeds  of  my  own  growing,  I  always  obtained 
traces  of  alumina :  but  I  would  not  venture  to  affirm  that  the 
earth  here  was  not  accidental. 

Silica  is  met  with  in  only  very  small  quantity  in  the  ashes  of 
wood.  It  is  found,  on  the  contrary,  in  considerable  proportion 
in  the  ashes  of  several  annual  and  biennial  plants,  and  more 
especially  in  those  of  the  cereals.  Sir  Humphrey  Davy  found 
silica  in  the  epidermis  of  the  Indian  rush. 

If  we  compare  the  ashes  of  the  same  species  of  wood  grown 
in  soils  of  different  kinds,  we  see,  says  M.  Berthier,  that  they 
may  differ  very  perceptibly ;  which  seems  to  establish  the  fact  that 
the  soil  exercises  a  certain  degree  of  influence  on  their  constitu- 
tion. Thus  oak-wood  from  Roque  des  Arcs,  grown  in  a  decidedly 
calcareous  soil,  yielded  ashes  almost  entirely  consisting  of  car- 
bonate of  lime,  whilst  those  left  by  an  oak  from  the  department 
of  la  Somme,  contained  much  magnesia  and  phosphate  of  lime.f 

*  Berzelius«  Trait4  de  Chimie,  t.  iv.  p.  130,  French  translation, 
t  These  ashes  were  from  the  carbon  of  the  oak ;  the  insoluble  part  gave 
0.14  of  phosphate  of  lime,  and  0.08  of  magnesia. 
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The  ashes  from  a  white  mulberry  of  Nemours  contained  more 
than  0.10  of  phosphoric  acid,  whilst  scarcely  any  traces  of  it  w^e 
found  in  those  of  a  similar  mulberry  from  the  calcareous  soil  of 
Provence,  The  most  remarkable  inference,  deducible  from  the 
analyses  of  M.  Berthier  is  that  which  is  connected  with  the  compo- 
sition of  the  ashes  yidded  by  trees  growing  in  the  same  soil.  It  is 
observed  that,  for  analogous  species,  the  ashes  also  bear  the  closest 
analogy ;  and  on  the  conta-ary,  it  is  found  that  trees  of  very  distinct 
genera  yield  ashes  of  quite  a  different  quality ;  results  which  lead 
to  this  important  conclusion,  that  plants  possess  the  faculty  of 
Selecting  in  the  soil  the  substances  which  are  best  suited  to  their 
special  organizations.  This  is  a  point  which  we  shall  have  an 
opportunity  of  discussing,  when  we  come  to  treat  of  rotations 

of  crops. 

The  substances  composing  the  ashes  of  vegetables,  are  not 
an  in  the  state  in  which  they  existed  in  the  vegetable  tissue. 
In  plants  there  constantly  exist  organic  acids,  which  in  general, 
are  combined  with  mineral  bases.  During  the  incineration  of 
plants  these  organic  acids  are  destroyed,  and  the  result  of  their 
destruction  is  an  alcaline  carbonate,  if  the  pre-existing  add  was 
united  with  soda  or  potash;  a  calcareous  vegetable  salt,  again,  yidds 
carbonate  of  lime ;  and  a  magnesian  salt  gives  magnesia,  from 
the  well  known  inability  of  this  earth  to  retain  carbonic  acid  at  a 
high  temperature.  Thus,  the  greater  part  of  the  carbonates  wfaidi 
enter  into  the  composition  of  vegetable  ashes,  are  formed  by  the 
mere  fact  of  incineration.  The  salts  which  resist  the  action  o[  a 
strong  heat,  as  the  phosphates,  sulphates,  and  chlorides,  are  the 
only  ones  which  in  the  ashes  retain  the  state  in  which  they 
existed  in  the  living  plant 

Water  being  the  vehicle  which  must  convey  the  mineral  salts 
from  the  soil  into  the  vegetable,  we  do  not  always  perceive  how  thqr 
can  penetrate.  To  explain  the  presence  in  plants  of  a  salt  so  in- 
soluble as  the  neutral  phosphate  of  lime,  M.  de  Saussure  admits, 
from  satisfactory  experiments,  that  vegetable  juices  contain  the 
double  phosphate  of  potash  and  lime,  and  of  potash  and  mag- 
nesia."*^     Besides,  several  bodies  considered  in  chemistry  as  inso- 

*  Saussure,  Rechesches  chimiques,  &c.  p.  321. 
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luUe,  are  not  so  absolutely.  Silica  seems  to  possess  a  certain 
degree  of  solubility, — at  leasts  M.  Payen  has  met  with  it  in  con- 
siderable quantity  in  the  wat^  of  the  artesian  well  of  Grenelle, 
and  in  the  wat^  of  the  Seine.  We  know,  moreover,  that  sev^d 
insoluble  earthy  salts  are  dissolved  in  virtue  of  the  carbonic  add 
always  contained  in  the  wata*s  with  which  the  soil  is  soaked. 
Lastly,  it  is  not  improbable  that  certain  insoluble  salts  have  their 
origin  in  the  jdant  itself,  aigendered  there  by  the  successive 
arrival  and  reciprocal  action  of  soluble  salts. 

It  now  remains  for  us  to  examine  by  what  means  saline 
substances  are  introduced  into  the  tissues  of  vegetables,  and 
within  what  limits  the  water,  whidi  is  essential  to  Uving 
plants,  may  be  charged  with  them ;  for  it  is  within  what  may 
be  caSed  common  experience,  that  saline  solutions  of  certain 
d^^iees  of  concentration,  oftentimes  act  injuriously  on  vegetation. 

The  spongioles  which  t^minate  roots  have  too  dose  a  tissue 
to  allow  any  thing  but  fluids  to  pass  through  th^n.  All  at- 
tempts to  make  them  absorb  solid  bodies  in  a  state  of  minute 
divKnon,  and  hdd  in  suspension  in  water,  have  been  ineffectuaL 
In  these  attempts  the  spongioles  have  acted  precisdy  like  perfect 
filters,  with  which  those  that  we  employ  in  our  laboratories 
cannot  be  compared.  Further,  the  weakest  solutions  are  not  en- 
tirely absorbed  by  certain  roots;  a  kind  of  separation  takes  place ; 
a  portion  of  the  dissolved  salt  appears  to  abandon  the  wat^ 
at  the  moment  of  its  penetrating  the  spongiole.  This  follows 
fSrom  the  researches  of  M.  de  Saussure,  instituted  with  a  view 
to  ascertain :  1st.  if  plants  absorb  substances  dissolved  in  water  in 
the  same  proportion  as  they  abs^b  water  ;*  2ndly.  if  plants 
make  a  selection  among  different  substances  hdd  in  soluticm  in 
the  same  liquid.t 

In  solutions  severally  contaming  eight  ten  thousandths 
(0.0008)  of  each  of  the  following  substances :  chloride  of  po- 
tassium, chloride  of  sodium,  nitrate  of  lime,  sulphate  of  soda, 
hydrochlorate  of  ammonia,  acetate  of  lime,  sulphate  of  copper, 

*  SauBsnre,  Recherches  chimiques,  &c.  p.  247. 
t  n>.  p.  253. 
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sugar  candy,  gum  arable,  and  extract  of  humus  *  Several 
entire  plants  with  their  roots,  of  the  polygonum  persicaria 
(lakeweed  or  redshanks,)  which  had  lived  for  some  time  in 
distilled  water,  until  their  roots  had  commenced  growing,  were 
immersed. 

The  plants  lived  in  the  shade  during  five  weeks,  throwing  out 
roots  in  one  of  the  solutions  mentioned.  They  languished,  without 
showing  any  appearance  of  growth  in  the  solution  of  hydro- 
chlorate  of  ammonia,  and  could  only  be  kept  alive  in  the  sugared 
water,  which  soon  became  changed,  by  renewing  it  fi-equently. 
They  died  at  the  end  of  fi-om  eight  to  ten  days,  in  gum  water, 
and  in  the  solution  of  acetate  of  lime.  They  held  out  but  for 
two  or  three  days  in  the  water  which  contained  sulphate  of  copper. 

Observations  precisely  similar  made  on  the  bidens  cannabina 
presented  the  same  results,  with  the  sole  difference,  that  this 
plant  lived  for  much  shorter  times  than  the  redshanks. 

To  estimate  in  what  proportion  the  substances  dissolved  were 
absorbed,  relatively  to  the  water,  M.  de  Saussure  made  use  of 
the  solutions  previously  employed ;  but  he  brought  the  experi- 
ment to  a  dose  when  the  plants  had  taken  up  precisely  half  the 
liquid  which  was  feeding  them.  Each  solution  fed  a  sufficient 
number  of  plants  to  allow  of  this  condition  being  fulfilled  in 
two  days.  Half  of  the  liquid  remaining  after  each  experiment  was 
analysed,  and  the  quantity  of  salt  found  therein,  showed,  by  the 
difference  between  this  and  the  quantity  originally  contained,  the 
amount  which  had  penetrated  the  vegetable.  Representing  by 
one  hundred  parts  the  whole  of  the  substance  originally  dissolved, 
it  is  evident  that  fifty  of  those  parts  must  enter  the  plant,  if  the 
absorption  of  the  saJine  substances  be  in  proportion  to  that  of 
the  solvent.  But  the  experiment  proved,  that  in  taking  up  half 
the  volume  of  the  liquid,  the  polygonum  had  absorbed  but : 

1 5  parts  of  chloride  of  potassium, 
13       „       chloride  of  sodium^ 
4       „       nitrate  of  lime, 

*  This  entered  into  the  eolutionB  only  in  the  proportion  of  two  ten 
thousandths  (0,0002.) 
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1 4  parts  of  sulphate  of  soda, 

12       „       hydrochlorate  of  ammonia, 

8  „       acetate  of  lime, 
29       „       sugar, 

9  „       gum, 

5  „       extract  of  humus, 

47  „       sulphate  of  copper. 

Under  the  same  circumstances  the  bident  took  : 

1 6  parts  of  chloride  of  potassium, 
15       „       chloride  of  sodium, 

8  „  nitrate  of  lime, 

10  „  sulphate  of  soda, 

17  99  hydrochlorate  of  ammonia, 
8  „  acetate  of  lime, 

32       „       sugar, 
8       „       gum, 

6  „       extract  of  humus, 

48  „       sulphate  of  copper. 

It  follows  from  these  experiments  that  the  plants  absorbed 
some  part  of  the  different  substances  presented  to  them ;  but 
without  excq)tion,  they  took  up  the  water  in  greater  proportion 
than  the  matters  dissolved. 

On  multiplying  and  varying  these  experiments,  M.  de  Saussure 
always  arrived  at  the  same  general  results.  The  plants  uniformly 
took  up  more  of  the  alkaline  than  of  the  calcareous  salts,  and  more 
sugar  than  gum,  though  the  quantities  of  the  different  substances 
absorbed  varied  considerably. 

The  sulphate  of  copper  presented,  in  the  coiu^e  of  these  re- 
searches, an  anomaly  which  is  readily  explained.  We  see  that 
this  salt,  evidently  injurious  to  vegetation,  was  taken  up  in  a 
large  dose.  This  arises  from  its  corrosive  action  on  the  roots : 
sulphate  of  copper  disorganizes  the  spongioles  ;  and  these  organs 
once  destroyed,  absorption  takes  place  with  more  rapidity  and 
in  greater  abundance.  A  root  deprived  of  spongioles  is  in 
the  condition  of  a  stalk,  or  branch,  the  fresh  section  of  which 
is  immersed  in  a  liquid.  Observation  proves,  in  fact,  that 
substances   in   a  state  of  solution,   which  by  reason  of  their 
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viscidity  are  incapable  of  making  their  way  into  a  healthy  root, 
are,  on  the  contrary,  readily  taken  up  by  a  cut  stalk  or  branch, 
in  quantity  sufficient  to  dye  it  deeply,  if  it  was  a  colouring 
matter  that  was  presented  for  absorption. 

In  the  preceding  experiments,  the  solution  contained  only  a 
single  substance.  In  those  which  follow,  M.  de  Saussure  dis- 
solved in  the  water  two  or  three  salts,  a  mixture  of  sugar  and 
gum,  &c.,  in  order  to  ascertain  whether  the  plants  would  make 
any  selection  from  mixed  solutions. 

In  25  fluid  ounces  of  water  two  or  three  species  of  salt  were 
dissolved,  the  weight  of  each  species  being  nearly  10  grains  troy. 
Each  ounce  of  water  would  therefore  contain  either  ^ths  or  fths 
of  a  grain  of  saline  or  soluble  matter.  As  in  the  preceding 
experiments,  the  plants  were  made  to  absorb  precisely  one  half 
of  the  solutions.  Analysis  pointed  out  the  quantity  and  the  na- 
ture of  the  substances  which  remained  in  the  liquid  not  absorbed, 
and  consequently  the  salts  which  had  penetrated  the  vegetable. 

In  reducing  this  table,  which  exhibits  the  results  obtained,  the 
weight  of  each  particular  salt  in  the  solution  is  represented  by 
100  parts. 


Substances  in  the  solution 
with  which  the  experiment  was  made. 


100  parts  by  weight. 

Sulphate  of  soda  effloresced 
Chloride  of  sodium 

Sulphate  of  soda  effloresced 
Chloride  of  potassium     . 

Acetate  of  lime 
Chloride  of  potassium     • 

Nitrate  of  lime 
Hydrochlorate  of  ammonia 

Acetate  of  lime 
Sulphate  of  copper 

Nitrate  of  lime 
Sulphate  of  copper 

Sulphate  of  soda  . 
Chloride  of  sodium 
Acetate  of  lime 

Gum    .... 
Sugar  .... 


Weight  of  the  sereral  sub- 

stances  taken  up  by  the 

Polygonnm    in    imbibing 

one  half  of  the  solution. 


12 
22 

12 
17 

8 
33 

4 
16 

31 
34 

17 
34 

6 
10 
traces 

26 
34 


Weight  of  the  sereral  sub- 
stances taken  np  by  the 
Bldent  in  imbibing  one 
half  the  solution. 


7 
20 

10 
17 

5 

16 

2 
15 

35 

39 

9 

56 

13 

16 

traces 

21 
46 
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M.  de  Saussure  confirmed  these  results  in  experimenting  on 
the  common  peppermint,  {mentha  piperita)  ^  Scotch  pine,  and 
common  juniper.  The  substances  absorbed  in  greatest  propor- 
tion by  the  polygonum  and  bident  were  also  those  that  were 
taken  up  in  largest  quantities  by  these  plants. 

The  section  of  the  roots,  even  their  destruction,  favours,  as 
we  have  already  said,  the  introduction  of  the  matters  dissolved. 
Hants  whose  roots  had  been  removed,  no  longer  sdected  the 
substances  dissolved  in  so  striking  a  manner  as  they  did  pre- 
viously ;  after  mutilation  they  absorbed  them  almost  indiffer- 
ently, in  larger  doses,  and  perceptibly  in  the  same  proportion  as 
the  water  which  held  them  in  solution . 

Roots  with  their  ^ngioles  entire,  therefore,  suffer  one  sub- 
stance in  solution  to  penetrate  the  plant  in  preference  to  another. 
The  chlorides  of  potassium  and  of  sodium,  for  instance,  find 
entrance  more  readily  than  the  acetate  or  nitrate  of  lime ;  sugar 
more  readily  than  gum ;  and  precisely  as  when  isolated,  are  these 
substances  when  combined,  absorbed  in  much  less  proportion 
than  the  menstruum  or  water  of  solution. 

M.  de  Saussure  is  not  disposed  to  admit  that  the  preference 
which  plants  evince  for  certain  salts,  for  certain  dissolved  sub- 
stances, results  from  any  particular  faculty,  fi'om  any  special  afii- 
nity.  He  rather  inclines  to  believe,  that  it  should  be  attributed 
to  the  d^ree  of  fluidity,  or  of  viscidity  communicated  to  the 
water  by  the  different  substances  dissolved ;  thus  the  acetate  and 
nitrate  of  lime,  with  the  same  proportion  of  liquid,  form  more 
viscid  solutions,  which  pass  with  more  difficulty  through  a  filter, 
than  the  alkaline  sulphates  and  chlorides ;  and  these  latter  salts 
in  solution  were  absorbed  by  vegetables  in  greater  abundance 
than  the  calcareous  salts.  Gum,  which  imparts  more  viscidity 
to  water  than  sugar,  is  also  less  capable  of  being  absorbed.  Fi- 
nally, pure  water,  more  fluid  than  any  of  the  solutions  tried,  was 
also  that  which  vegetables  preferred  to  any  other. 

In  the  results  of  the  incinerations  which  we  have  mentioned, 
it  is  obvious  that  in  many  plants  salts  are  met  with  in  very 
small  proportion.  This  circumstance  has  induced  several  phy- 
siologists to  consider  the  mineral  substances  found  in  vegetables 

f2 
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as  purely  accidental,  and  consequently  unnecessary  to  their  ex- 
istence. M.  de  Saussure,  however,  observes  that  this  scantiness 
is  no  true  indication  of  their  inutility,  and  he  mentions  that  the 
ph  sphate  of  lime,  which  forms  an  element  in  the  organization  of 
an  animal,  does  not  probably  amount  to  one  five  hundreth  part 
of  the  entire  mass.  We  shall  add,  that  as  the  phosphate  of  Ume 
was  met  with  by  M.  de  Saussure  in  the  ashes  of  all  vegetables 
which  he  examined,  and  as  all  the  analyses  performed  since  the 
original  labours  of  this  celebrated  chemist  have  tended  to  con- 
firm the  accuracy  of  his  general  conclusions,  we  have  no  ground 
for  supposing  that  plants  could  exist  without  the  intervention  of 
saline  matter.  There  are  annual  plants  which,  when  burned, 
leave  more  than  10  per  cent  of  residue;  and  vegetables  cultivated 
in  soils  free  fi-om  saline  or  alcaline  matter,  and  watered  with  dis- 
tilled water,  though  they  will  live  and  ripen  their  seeds  in  some 
instances,  still  they  never  acquire  the  vigour  which  they  possess 
when  grown  in  a  fertile  soil. 

Duhamel  ascertained  that  marine  plants  languish  in  soils  des- 
titute of  chloride  of  sodium ;  and  this  is  so  much  the  more 
readily  conceived,  as  those  plants  w^hich  furnish  ashes  abounding 
in  carbonate  of  soda,  always  contain  organic  acids  combined  with 
the  alkaline  base.  Borage,  the  nettle,  &c.,  thrive  only  in  places 
where  they  meet  with  nitrates ;  and  it  is  easy  to  discover  that 
plants  when  dried  contain  a  notable  quantity  of  either  nitrate 
of  potash  or  of  lime.  The  vine  more  especially  requires  alca- 
line dressings,  in  order  that  the  large  quantities  of  potash  taken 
fi-om  the  soil  in  the  tartrate  of  potash  of  the  grape  may  be  re- 
placed. 

The  organic  acids,  so  different  in  their  composition  and  in 
their  properties,  which  are  met  with  in  the  different  vegetable 
families,  are  always  found  combined  in  the  state  of  neutral  or 
acid  salts.  The  proportion  of  base  combined  in  a  plant  with  a 
vegetable  acid  may  be  readily  ascertained  fi-om  the  ashes; 
for  by  the  effect  of  incineration  the  base  passes  into  the  state  of 
an  alcaline  or  earthy  carbonate.  The  vegetable  acids  undoubtedly 
perform  important  functions  in  the  organism  of  vegetables,  and 
their  formation  probably  depends  on  the  influence  of  the  bases 
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with  which  they  form  salts.  The  nature  of  the  oxide  or  base 
itself  appears  to  be  of  little  importance ;  it  is  enough  that  it  be 
present  in  the  plant.  It  is  known  that  certain  bases  may  mu- 
tually replace  each  other,  equivalent  for  equivalent. 

These  principles  assumed,  Prof  Liebig  draws  a  remarkable  in- 
ference from  the  composition  of  the  ashes  of  different  kinds  of 
wood ;  namely,  that  for  each  vegetable  family  the  sum  of  the 
oxygen  of  the  bases  combined  with  the  organic  acids  will  be  a 
constant  number ;  or,  in  other  words,  the  species  of  one  and  the 
same  &mily  will  contain  the  same  number  of  basic  equivalents 
combined  with  vegetable  acids. 

Thus,  100  parts  of  the  ashes  of  a  Breven  pine-tree  analysed 
by  Saussure,  contain : 

Carbonate  of  potash  •     .     3.60     Oxygen  of  the  potash  •  0.41  "i 

,,  lime     .     .  46.34  ,,  lime      .  7.33  \  9.01  ox. 

„  magnesia .     6.77  „  magnesia  1.27  J 

Carbonates  56.71 

The  ashes  of  a  pine  from  Mount  La  Salle  yielded : 

magnesia     0.00 
58.55 

M.  Berthier  found  in  the  ashes  of  a  fir-tree  from  Allevard  the 
following  bases  : 

Oxygen      .     .     3.421 

8.20  >  12.82 
1.20  J 


Carbonate  of  potash    .     7.36     Oxygen  of  the  potash  .     x/.v^«^  V  ft  q<^ 
lime.     .    51.69  ,,  lime         r.  ,^        . 


Potash  and  Soda     . 

.     16.8 

Lime       .     •     •     • 

.     29.5 

Magnesia     •     .     . 

.       3.2 

49.5 

One  part  of  the  alcalies  containing  1.20  of  oxygen  was  com- 
bined with  mineral  acids,  forming  sulphates,  phosphates  and 
a  chloride.  The  oxygen  of  the  bases  combined  with  the  carbonic 
acid  is  consequently  reduced  to  1 1.62. 

The  ashes  of  a  Norway  fir,  according  to  the  same  analyst  con- 
tsdning: 

Potash      .     .     14.10  Oxygen  .  .  2.40^ 

Soda    .     .     .     20.70                  „  .  .  5.30 

lime   .     .     .     12.30                   „  .  .  3.45 

Magnesia     j 14^35 „  .  .  1.69 

51.45 


12.84  oxygen. 


70         TRANSITION  OF  INORGANIC  INTO  ORGANIC  MATTER. 

In  this  ash  the  bases  belonging  to  the  inorganic  salts  contain 
1.37  of  oxygen.  The  oxygen  of  the  bases  of  the  carbonates,  or 
in  other  words  of  the  bases  which  formed  organic  salts  in  the 
tree,  therefore,  becomes  1 1.47.  The  numbers  9.01  and  8.95  on 
the  one  hand,  and  11.62  and  11.47  on  the  other,  which  repre- 
sent the  quantity  of  oxygen  of  the  whole  of  the  bases  in  the 
ashes  obtained  from  plants  of  the  same  spedes,  differ  so  little, 
that  they  may  be  considered  as  identicaL 

Accurate  analyses  of  ashes  of  plants  of  the  same  species 
grown  in  soils  of  different  kinds,  will  determme,  says  Prof,  tiebig, 
whether  the  fact,  deduced  from  the  composition  of  the  ashes  of 
the  pine  and  fir-tree,  constitutes  a  definitive  law.* 

Be  this  as  it  may,  the  utility  of  alcalies  in  vegetation  cannot  be 
a  matter  of  doubt ;  many  usages  in  agriculture  prove  it  in  the 
clearest  manner;  and,  according  to  M.  Liebig,  the  fact  of  the  forma- 
tion of  the  organic  alcaloides  in  plants  affords  an  additional  proof 
of  it.  M.  Liebig  thinks  that  the  organic  alcalies  have  a  particular 
tendency  to  form  in  the  absence  of  mineral  bases ;  thus  potatoes 
which  germinate  in  cellars,  under  conditions  where  the  soil  can- 
not supply  them  with  potash,  soda,  or  lime,  develope  an  organic 
alcali,  solanine,  which  is  not  found  in  the  tubers  of  this  vegetable 
as  usually  cultivated.!  In  the  cinchonas,  quinine  and  cinchonine 
are  combined  with  quinic  acid ;  but  there  is  frequently  found  qui- 
nate  of  lime  also.  According  to  the  same  chemist,  the  latter  base 
holds  the  place  of  a  vegetable  alcali  in  the  organism ;  the  more 
prevalent  it  is  in  the  soil,  the  less  rich  will  the  cinchona  plant  be 
in  quinine  and  cinchonine.f  These  ingenious  views  certainly  de- 
serve the  careful  attention  of  physiologists ;  they  are  calculated 
to  add  new  interest  to  the  study  of  the  chemical  constitution 
of  the  ashes  of  vegetables. 

The  inorganic  substances  contained  in  vegetables  evidently 
come  from  the  soil.  By  growing  seeds,  as  M.  Lassaigne  did,  in 
flowers  of  sulphur,  moistened  with  distilled  water,  the  plant  pro- 

*  Liebig,  Chimie  Organique,  Introduction,  p.  cxi. 
t  Liebig,  idem.  p.  cxiv. 
J  Liebig,  idem. 
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duoed  contained  neither  more  nor  less  saline  and  earthy  matter 
than  was  originally  present  in  the  seed. 

The  water  absorbed  by  the  roots,  then,  becomes  charged  during 
its  stay  in  the  ground  with  the  various  soluble  substances  which 
may  be  met  with  there,  and  which  generally  contribute  to  its  fer- 
tility;  such  especially  are  the  salts  derived  from  decomposed  organic 
substances.  Water  charged  with  small  quantities  of  the  soluble 
substances  diffused  through  the  soil,  constitutes  the  ascending  sap. 
When  it  has  penetrated  the  plant,  immediately  after  its  passage 
by  the  spongioles  of  the  roots,  perhaps  even  whilst  traversing 
these  parts,  the  organic  matters  dissolved  in  the  fluid  appear  to  un- 
dergo important  modifications  ;  for  in  the  sap  substances  are  de- 
tected which  could  not  have  existed  in  the  water  which  moistened 
the  soil.  During  its  ascent  the  sap  increases  in  density,  as  was 
ascertained  by  Mr.  Knight,  according  to  whom,  the  sap  of  an 
acer  platanaides^  taken  at  the  level  of  the  ground,  has  a 
density  of  1.004;  at  6^  feet  above  it  this  density  becomes 
1.008,  and  at  13  feet,  1.012.  From  this  Mr.  Knight  con- 
duded  that  the  sap  took  up  nutritive  matter  deposited  in  the 
vegetable  tissues  which  it  traversed  in  its  ascent.*  We  have  al- 
ready seen  that  the  sap,  after  being  elaborated  in  the  green  parts 
of  trees,  takes  a  route  the  reverse  of  that  which  it  followed  at 
first,  and  we  therefore  spoke  of  this  modified  sap  as  the  descend- 
ing sap.  It  is  very  possible  that  in  Knight's  observations  the 
liquid  examined  was  a  mixture  of  the  two  saps. 

We  should  not  be  over  hasty  in  concluding  that  the  action  of 
the  two  species  of  sap  was  exerted  separately  in  promoting  the 
development  of  the  plant;  it  is  very  probable,  as  Dutrochet 
thinks,  that  the  modified  sap,  by  insinuating  itself  into  the  per- 
meable tissue  of  the  vegetable  is  continually  mixed  with  the 
ascending  sap,  in  order  to  concur  in  promoting  the  growth  of 
the  buds.t  The  difficulty  of  obtaining  each  particular  sap 
separately,  if  such  a  separation  is  really  possible,  prevents  the 
analytical  conclusions  we  have,  from  possessing  all  the  acciu*acy 
that  seems  desirable. 

*  DecandoUe,  Physiologie,  t.  i.  p.  204. 
t  Dutrochet,  sur  la  Structure,  &c.  p.  36. 
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Vauquelin  has  studied  the  sap  of  the  birch-tree,  of  the  horn- 
beam,  of  the  beech,  of  the  chesnut,  and  of  the  ehn. 

The  sap  of  the  hornbeam  {Carpinus  sylvestris)  was  obtained 
in  the  months  of  April  and  May.  At  this  period  it  is  colour- 
less and  clear  as  water ;  its  taste  is  slightly  saccharine ;  its  odour 
resembles  that  of  whey ;  it  reddens  tiu-nsole  paper.  The  sap  of 
this  tree  contains :  water  in  very  large  quantity,  sugar,  extrac- 
tive matter,^  and  free  acetic  acid,  acetate  of  lime  and  acetate  of 
potash,  in  very  small  quantity. 

This  sap  left  to  itseK  presents  in  succession  all  the  phenomena 
of  the  vinous  and  then  of  the  acetous  fermentation.f 

The  sap  of  the  birch-tree  reddens  turnsole  intensely ;  it  is 
colourless,  and  has  a  sweet  taste.  The  water  which  forms  the 
greater  part  of  it,  holds  in  solution :  sugar,  extractive  matter, 
acetate  of  lime,  acetate  of  alumina,  and  acetate  of  potash. 

When  properly  concentrated  by  evaporation,  it  ferments  on 
the  addition  of  yeast,  and  then  yields  alcohol  on  distillation. 
The  presence  of  the  acetate  of  alumina  may  appear  extraor- 
dinary in  this  sap,  for  this  reas(Hi»  that  alumina  has  not  yet  been 
discovered  in  the  ashes  of  the  birch-tree. 

Sap  of  the  beech  (Fagus  sylvestris).  The  analysis  was 
made  in  March  and  April.  The  colour  of  the  sap  was  a  tawny 
red ;  it  had  the  taste  of  an  infusion  of  tanner*s  bark :  it  red- 
dened turnsole  slightly.  It  contained,  in  very  small  quantity : 
acetate  of  lime,  acetate  of  potash,  acetate  of  alumina,  extractive 
matter,  tannin,  acetic  acid,  and  gallic  acid. 

The  sap  of  the  chesnut-treCy  according  to  Vauquelin,  who, 
for  want  of  a  sufficient  quantity  of  the  fluid,  was  able  to  study 
it  but  very  superficially,  contains :  mucilage,  nitrate  of  potash, 
and  the  acetates  of  potash  and  lime. 

The  sap  of  the  elm  was  examined  at  three  periods ;  first,  at 
the  commencement  of  April,  then  some  days  after,  and  lastly, 
a  month  later.  At  the  beginning  of  April  its  colour  was  yellow, 
its  taste  sweet  and  mucilaginous ;  it  was  scarcely  acid.    Analysis 

*  Probably  azotised. 

t  Vauquelin,  Annales  de  Chimie,  t.  xxxi,  p.  20,  l^re  s^rie. 
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indicated:  water  1027.90,  acetate  of  potash  9.23,  organic  mat- 
ter 1.06,  carbonate  of  lime  0.80. 

At  the  second  period  it  contained  a  little  more  extractive 
organic  matter,  and  a  little  less  carbonate  of  lime  and  acetate  of 
potash.  The  last  examination  showed  that  these  two  salts  had 
still  further  diminished  in  quantity.  When  exposed  to  the  air, 
the  sap  of  the  elm  undergoes  decomposition  and  becomes  al- 
kaline :  the  acetate  of  potash  passes  into  the  state  of  carbonate. 

M.  R^mbeau  found  in  the  sap  of  the  vine  :*  bitartrate  of 
potash,  tartrate  of  lime,  mucilage,  and  free  carbonic  acid. 

The  sap  of  the  maple-tree  contains  a  very  considerable  quan- 
tity of  sugar.  In  Canada  this  sap  properly  treated  yields  sugar, 
which  is  identical  with  that  of  the  cane.  The  nature  of  the 
sap  is  subject  to  variations ;  and  Duhamel  states,  that  at  a  cer- 
tain season  it  loses  its  saccharine  taste,  and  acquires  an  herba- 
ceous flavour.f 

liebig  and  Will  detected  the  presence  of  ammoniacal  salts  in 
the  sap  of  the  maple  and  birch-tree,  and  in  the  tears  of  the 
vine.  M.  Biot  examined  the  sap  of  a  considerable  number  of 
trees,  and  ascertained  that  the  sugar  in  them  often  exists 
b  two  difiPerent  states;  in  that  of  cane-sugar,  properly  so 
called,  and  in  that  of  grape  sugar,  which,  as  chemists  admit, 
differs  from  the  former  only  in  the  possession  of  an  additional 
equivalent  of  water.  The  saps  which  M.  Biot  examined,  con- 
tained besides  some  animal  matter  (ulbumine)  and  a  gummy 
matter ;  he  found  no  free  carbonic  acid.  The  object  which  he 
had  in  view,  namely  to  study  the  changes  which  occur  in  the 
nature  of  sugar  did  not  lead  M.  Biot  to  notice  the  minute 
quantities  of  salts  with  organic  acids  which  Vauquelin  met  with 
in  saps. 

The  trunk  of  a  walnut-tree,  tapped  on  the  1 1th  of  February, 
yielded  a  sap  containing  some  cane-sugar.  The  saps  of  the 
sycamore,  of  the  acer  negundo,  and  of  the  lilac-tree,  contained 
the  same  species  of  sugar ;  but  that  of  the  birch- tree  held  in 

*  Journal  de  Pharmacie,  t.  xviii,  p.  36. 

t  Annales  de  rAgriculture  Fran9aL9e,  t.  v,  2^me  s^rie,  p.  339. 
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solution  some  grape  sugar.  In  the  sycamore  and  birch-tree, 
M.  Biot  observed  an  extremely  interesting  fact.  He  ascertained, 
on  felling  these  trees,  that  the  greater  portion  of  the  descending 
sap  was  accumulated  towards  the  middle  of  the  trunk.  That  of 
the  birch-tree  was  acid  and  saccharine ;  the  sap  of  that  portion  of 
the  trunk  which  was  buried  in  the  ground,  contained  no  sugar, 
but  a  substance  possessing  the  principal  characters  of  gum .♦  It 
was  probably  an  effect  of  the  season  ;  for  Knight  states,  that  he 
never  could  discover  the  least  trace  of  saccharine  matter  during 
winter  in  the  alburnum  either  of  the  stem  or  of  the  roots  of  the 
sycamore.t 

8AP   07   THE    BAMBU8A    0UADUA8. 

The  guaduas  grows  in  the  hot  and  marshy  coimtries  of  the 
tropical  regions;  this  grass  frequently  attains  the  enormous 
height  of  from  65  to  100  feet.  Its  stem,  which  is  hollow,  is 
divided  through  its  entire  length  into  joints  spaced  rather 
regularly  at  distances  of  from  1 1  to  1 2  inches.  Each  joint  in- 
dicates the  presence  of  a  woody  partition,  which  seems  to  divide 
the  stem  of  the  guaduas  into  so  many  super-imposed  tubes.  On 
perforating  it  immediately  above  a  knot,  a  clear  limpid  fluid 
flows  out,  which  cannot  be  distinguished  from  the  purest  water. 
This  indeed  is  a  store  of  water  of  which  travellers  have  fre- 
quently availed  themselves.  This  sap,  as  I  have  been  assiu^ 
by  the  inhabitants  of  the  countries  where  I  observed  the  guaduas, 
never  completely  fills  the  hollow  space  included  between  two 
joints.  Analysis  satisfied  me  that  the  sap  of  the  guaduas  is 
almost  pure  water.  Re-agents  detected  merely  traces  of  sul- 
phates and  chlorides.  On  evaporating  a  considerable  quantity 
of  it,  I  was  able  to  discover,  independently  of  these  traces  of 
soluble  salts,  a  very  small  proportion  of  organic  matter  and  of 
silica ;  the  latter  substance  is  probably  the  element  which  pre- 
dominates in  the  sap  of  the  guaduas. 

*  Annales  du  Museum  d'Histoire  Naturelle,  t.  ii. 

t  Knight,  quoted  in  Annales  de  rAgriculture  Fran9ai8c,  t.  v,  2e  s<hie, 
p.  338. 
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SAP    0»  TH«   BANANA    PLANT   (mUSA   PARABISICA). 

The  sap  of  the  banana  possesses  a  well-marked  astringent 
taste ;  it  reddens  tincture  of  litmus.  Immediately  after  escap- 
ing from  the  plant,  it  is  limpid  and  colourless,  like  water; 
nevertheless,  it  possesses  the  property  of  imparting  a  yellow 
colour  to  stufis  immersed  in  it.  Exposed  to  the  air  it  becomes 
turbid,  and  throws  down  flocculi  of  a  dirty  rose  coloiu*.  It  is  to 
the  action  of  oxygen  that  this  deposit  is  owing ;  for  it  takes 
place  only  in  contact  with  the  air.  After  the  formation  of  this 
deposit,  the  sap  no  longer  colours  stuffis  immersed  in  it.  From 
a  chemical  examination  which  I  instituted  of  the  sap  of  the 
banana,  during  my  sojourn  on  the  banks  of  the  Magdalena,  I 
think  I  may  state  that  it  contains :  gallic  acid,  acetic  add,  chlo- 
ride of  sodium,  salts  of  lime  and  potash,  and  silica. 

The  sap  of  vc^tables,  elaborated  during  its  passage  through 
the  leaves,  acquires  additional  consistence.  It  generally  contains 
peculiar  principles,  which  are  the  result  of  this  elaboration,  and 
these  now  constitute  the  liquid  which  is  usually  designated  by 
the  name  of  the  particular  juice  of  the  plant  from  which  it  is 
procured.  This  proper  juice  or  sap  is  generally  obtained  by 
making  an  incision  which  penetrates  a  little  below  the  bark. 

The  characters  and  properties  of  the  elaborated  or  descending 
sap,  are  extremely  various.  It  may,  however,  be  divided  into 
milky  sap,  saccharine  sap,  gummy  sap  and  resinous  sap,  accord- 
ing to  the  nature  of  the  juices  dissolved  or  suspended  in  the  liquid. 
As  several  of  the  peculiar  juices  of  vegetables  contain  principles 
employed  in  the  arts  or  in  medicine,  they  have  been  more  care- 
fully studied,  and  their  history  is  more  complete  than  that  of 
the  ascending  saps.  I  do  not  propose  to  give  a  monograph  of 
these  juices ;  in  this  place  I  shall  only  mention  those  which  have 
been  examined  with  some  care. 

HILKT    8AF8. 

The  milky  saps,  as  their  name  indicates,  have  the  appearance 
of  milk ;  they  owe  this  milky  appearance  to  globules  of  insolu- 
ble matter,  minutely  divided  and  suspended  in  a  liquid. 
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SAP    OF   THE    PAPAW-TRSB    (CARICA    PAPATa). 

The  carica  papaya  grows  in  tropical  regions*  The  sap,  which 
is  extracted  from  the  fruit  by  incision,  is  white  and  excessively 
viscous.  In  a  specimen  of  this  sap,  which  came  from  the  Isle 
of  France,  Vauquelin  found  water  in  large  quantity,  and  also  a 
matter,  having  the  chemical  properties  of  animal  albumen,*  and 
lastly  fatty  matter. 

I  took  occasion  to  verify  the  correctness  of  the  results 
obtained  by  Vauquelin,  on  the  milk  of  the  fruit  of  the  carica 
papaya  during  my  sojourn  at  Caracas,  where  I  examined  the 
sap  which  flowed  from  the  trunk  of  the  tree  itself.  This  sap 
is  less  milky,  and  much  more  fluid  than  that  which  flows  fix)m 
the  fruit ;  it  had  the  appearance  of  milk-and-water.  Its  odour 
is  rather  nauseating,  even  when  coming  from  the  plant;  its 
taste  slightly  sour.  When  exposed  to  the  air  it  soon  coagulates. 
It  contains  a  considerable  portion  of  matter,  which  may  be  com- 
pared to  animal  fibrine,  and  sugar,  wax,  and  resin,  in  small 
quantities. 

Evaporated  and  burnt,  it  leaves  a  saline  residue.  This  juice  is 
employed  by  the  inhabitants  for  medical  purposes. 

SAP    OF    THE    COW-TREE. 

Among  the  number  of  astonishing  vegetable  productions 
observed  in  the  equinoctial  regions,  is  a  tree  which  yields  a  milky 
juice  in  abundance,  similar  in  its  properties  to  the  milk  of 
animals.  At  the  time  I  left  Europe,  M.  de  Humboldt  expressly 
recommended  me  to  direct  my  attention  to  the  milk  of  the 
cow-tree.  A  short  time  after  my  arrival  in  the  Cordilleras,  on 
the  shore  of  Caraccas,  M.  Rivero  and  myself  were  able  to  comply 
with  the  wishes  of  the  distinguished  traveller.f 

The  milk  we  examined  came  from  the  Palo  de  Leche^  the 
milk  tree,  which  is  extremely  common  in  the  environs  of 
Maracaibo. 

Vegetable  milk  possesses  the  same  physical  characters  as  that 

*  Vauquelin,  Annales  de  Chimie,  t.  xlix.  p.  219,  Ire  s^rie. 
t  Rivero  and  Boussingault,  Annales  de  Cliim.  et  de   Phys.  t.  xxiii. 
D.  229,  2e  s^rie. 
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of  the  cow,  with  this  sole  difference,  that  it  is,  in  a  slight  degree, 
viscous ;  its  flavour  is  agreeable,  slightly  balsamic.  With  re- 
spect to  chemical  properties,  these  differ  perceptibly  from  those 
which  are  pexniliar  to  animal  milk.  Acids  do  not  curdle  it ; 
alcohol  scarcely  coagulates  it. 

Under  the  action  of  gentle  heat,  light  pellicles  are  seen  to 
form  on  the  surface  of  vegetable  milk.  On  evaporating  it  over 
a  water  bath,  an  extract  is  obtained  resembling  fritters ;  and 
if  the  action  of  the  fire  be  continued  for  a  certain  time,  oily 
drops  are  observed,  which  increase  in  proportion  as  the  water 
is  dissipated,  and  ultimately  form  a  liquid  of  an  oily  appear- 
ance, in  which  a  fibrinous  substance  floats,  which  dries  and 
becomes  tough  in  proportion  as  the  temperature  increases.  An 
odour  is  then  diffused,  exactly  like  that  of  meat  frying  in  fat. 

By  the  mere  action  of  heat,  then,  the  milk  of  the  Palo  de 
Leche  is  separated  into  two  distinct  portions :  the  one  fusible, 
of  a  fatty  nature,  the  other  fibrinous,  and  presenting  all  the  cha- 
racters of  animal  substances. 

If  the  evaporation  of  vegetable  milk  is  not  carried  too  far, 
the  fatty  matter  may  be  obtained  unchanged  ;  it  then  possesses 
the  following  properties: — it  is  white,  translucent,  sufficiently 
solid  to  resist  the  impression  of  the  finger;  it  fuses  at  140** 
(Fahr.)  ;  boiling  alcohol  dissolves  it  completely  ;  it  is  equally 
soluble  in  potash. 

The  fibrinous  matter  presents  all  the  characters  of  fibrine, 
obtained  from  the  blood  of  animals ;  for  this  reason  we  have 
called  it  fibrine.  In  fact,  when  put  on  a  hot  iron,  it  swells  up, 
fuses,  and  becomes  carbonized,  exhaling  the  odour  of  grilled  meat. 
Treated  with  weak  nitric  acid,  it  gives  out  nitrogen  gas;  by 
distillation,  it  disengages  ammoniacal  vapours  in  abundance. 

The  presence  and  nature  of  this  animalized  matter  in  the 
milk  of  the  cow-tree,  explains  how  this  milk  acquires  the  odour 
of  old  cheese  on  becoming  changed.  We  considered  the  fatty 
matter  of  the  milk  as  anaJogous  to  bees'  wax ;  I  may  even  say 
that  we  made  wax-candles  of  it.  However,  the  property 
of  being  completely  dissolved  in  hot  alcohol,  combined  with  its 
ready  solubility  in  potash,  establish  a  well-marked  difference 
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between  it  and  the  wax  of  insects.  This  is  a  question  which 
can  only  be  completely  cleared  up  by  elementary  analysis,  and 
we  were  altogether  without  the  means  of  making  any  minute 
examination  of  the  wax  of  vegetable  milk. 

In  the  water  which  holds  the  wax  and  animal  matter  in 
suspension,  we  met  with  some  saline  substances  and  a  free  acid, 
the  nature  of  which  we  were  unable  to  determine.  We  did  not 
succeed  in  detecting  the  presence  of  caoutchouc  in  vegetable 
milk.     According  to  our  researches  this  milk  should  contain : 

1 .  A  fatty  substance  similar  to  bees'  wax  ; 

2.  An  animal  substance,  similar  to  animal  fibrine ; 

3.  Water,  salts,  a  free  acid,  and  a  little  sugar. 

By  incineration,  we  obtained  ashes  from  the  milk  in  which 
were  found  phosphate  of  lime,  lime,  magnesia  and  silica. 

During  their  excursions  in  the  Cordilleras,  the  inhabitants 
frequently  drink  the  milk  of  the  cow-tree.  M.  de  Rivero  and 
myself  also  used  it  during  our  sojourn  at  Maracaibo. 

The  tree  which  produces  the  milk  which  we  examined,  is, 
according  to  M.  de  Humboldt,  the  galactodendron  dulcCy  of  the 
family  of  the  verticas,  or  fig-trees.  But  several  trees  are  known 
in  the  mountains  along  the  coast,  which  yield  a  milky  juice,  and 
which  are  often  confounded  with  that  just  described.  For 
instance,  in  the  environs  of  Maracaibo,  according  to  M.  Des- 
vaux,*  the  clusia  galactodendroriy  yields  an  abundance  of  very 
pleasant  vegetable  milk ;  this  milk,  however,  does  not  seem  to 
contain  much  animalized  matter ;  at  least  it  does  not  putrify 
perceptibly,  and  instead  of  the  waxy  matter,  a  substance  much  less 
frisible  and  of  a  resinous  character  is  procured  from  it. 

MILKT  SAP    OF   THE    HURA    CREPITANS,    (aJUAPAR). 

The  sap  of  the  hura  crepitans  is  dreaded,  and  not  without 
good  reason ;  it  is  enough  to  be  exposed  to  the  emanations 
of  this  milky  juice,  when  recently   extracted,  to   be  seriously 

*  Renseignements  communique  par  M.  Adolphe  Brongniart. 
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affected  by  it.  The  use  which  is  made  of  it,  to  poison  the  water 
of  rivers,  in  order  to  obtain  the  fish,  is  a  sufficient  indication  of 
its  pernicious  qualities.* 

This  vegetable  sap  would  perfectly  resemble  that  of  the  cow- 
tree,  if  it  were  not  slightly  yellowish.  It  has  no  smell ;  its  taste, 
which  is  very  little  marked  at  first,  soon  causes  very  violent 
irritation.  It  reddens  the  colour  of  turmeric;  mineral  acids 
produce  in  it  a  white  and  viscous  curd  ;  the  surrounding  fluid  is 
dear  and  of  a  yellow  colour.  Left  to  itself  the  milky  sap  of  the 
hura  crepitans^  yields  all  the  products  of  the  putrefaction  of 
caseum.  It  contains :  1 .  An  azotised  substance  similar  to 
gluten,  or  caseum.  2.  A  vesicating  oil.  3.  A  crystallized  sub- 
stance, having  an  alcaline  reaction.  4.  Malate  of  potash. 
5.  Nitrate  of  potash.  6.  A  salt  of  lime  (the  malate  ?).  7.  An 
odorous  azotised  principle. 

MILKT    SAP   OF   THE    POPPY,    (oPIUM). 

The  milky  sap  which,  by  concreting,  furnishes  the  opium  of 
commerce,  is  obtained  by  making  longitudinal  incisions  in  the 
capsules  of  the  poppy.  The  operation  takes  place  before  the  fruit 
is  ripe,  and  after  the  fall  of  the  flower. 

The  concrete  sap  is  brown,  firm,  of  an  acrid  and  bitter  taste,  and 
of  a  peculiar  sickening  odour.  Opium  cx)ntains  a  number  of 
principles,  the  study  of  which  has  exercised  for  a  considerable 
time  the  ingenuity  of  the  most  skilful  chemists.  It  was  in  this 
substance  that  Sertuemer  foimd  the  first  vegetable  alcali  which 
was  discovered,  morphine.  After  numerous  trials  made  on 
opium,  it  was  found  to  contain : — 1.  Morphine  (vegetable  alcali). 

*  Rivero  et  Boussingault,  Annales  de  Chim.  et  de  Phys.  t.  xviii.  p.  430, 

2e  s^rie. 

What  I  shall  now  state  may  give  an  idea  of  the  energy  with  which  this 

milky  joioe  acts  on  the  animal  economy:  when  M.  Rivero  and  myself 

examined  the  milk  of  the  hura- crepitans,  we  became  affected  with  erysipelas ; 

the  affection  continued  for  several  days.     The  milk  had  been  sent  to  us 

in  guadoas  by  Dr.  Roulin ;  the  messenger  who  brought  it  was  seriously 

affected  by  it ;  and  along  the  road  the  inhabitants  of  the  houses  where  he 

lodged,  felt  the  same  efiects. 
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2.  Codeine  (the  same).  3.  Narceine.  4.  Meconine.  5.  Para- 
morphine.  6.  Pseudo-morphine.  7.  Meconic  acid.  8.  Resin. 
9.  Fatty  matters.  10.  Caoutchouc.  11.  Gum.  12.  Basso- 
rine.  13.  Ulmine.  14.  Woody  substance.  15.  Mineral  salts 
with  bases  of  lime,  magnesia  and  potash. 

MILK    OF   THE   PLUMBRIA    AMBRICANA. 

The  plumeria,  when  one  of  its  branches  is  broken,  yields  a 
considerable  quantity  of  milky  juice.  At  the  time  when  I 
examined  this  juice,  the  tree  was  entirely  destitute  of  leaves. 
The  milk  of  the  plumeria  is  perfectly  white,  it  is  very  fluid  when 
it  flows  from  the  plant,  but  soon  afler  deposits  a  crystalline 
sediment.  The  taste  is  slightly  bitter,  and  it  has  an  acid  re- 
action. The  milk  of  the  plumeria  appears  to  contain  no 
animalized  matter.  I  was  only  able  to  detect  a  very  large  pro- 
portion of  resinous  matter  held  in  solution  or  suspended  in  water; 
and  indications  of  potash,  lime,  and  magnesia,  combined  with 
an  organic  acid. 

SAP    OP   THE   CAOUTCHOUC   TBEE. 

Caoutchouc  is  found  in  the  sap  of  many  trees,  and  in  that 
of  a  great  number  of  herbaceous  plants ;  but  it  is  the  hcevea 
caoutchouc,  the  jatropha  elastica,  peculiar  to  South  America ; 
the  Jicus  Indica,  and  the  artocarpus  integrifolia,  which  grow 
in  the  East  Indies,  that  yield  the  caoutchouc,  so  well-known  in 
commerce,  and  which  has  been  converted  to  so  many  useful 
purposes  in  the  arts. 

The  caoutchouc  tree  is  particularly  common  in  Choco  and 
forests  near  the  equator.  To  obtain  the  elastic  gum,  the 
Indians  incise  the  tree  below  the  bark,  when  there  issues  a 
copious  discharge  of  milky  sop,  which  will  remain  fluid  for 
a  considerable  time,  if  it  be  kept  from  contact  with  the  air.  I 
have  seen  it  carried  to  great  distances,  in  wooden  vessels  her- 
metically closed.  When  spread  out  in  thinnish  layers,  it  soon 
coagulates,  and  acquires  the  singular  elasticity  which  characte- 
rizes caoutchouc.  The  action  of  the  oxygen  of  the  air  may 
possibly  have  some  influence  in  producing  this  coagulation,  un- 
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less,  what  I  am  about  to  state  be  the  effect  of  a  prompt  evapo- 
ration of  the  water  of  the  sap.  I  have  often  made  a  small 
incision  in  the  trunk  of  an  hoevea  from  which  milk  imme- 
diately flowed,  and  by  reason  of  its  viscidity,  trickled  down  the 
tree  in  a  stream  of  a  certain  thickness ;  this  milk  was  at  first 
extremely  fluid,  but  after  from  one  to  two  minutes'  exposure  to 
the  air,  it  suddenly  coagulated,  so  that  on  raising  the  drop 
from  the  lower  end,  I  obtained  a  long  string  or  ribband  of 
perfectly  elastic  caoutchouc. 

In  Guiana  the  Indians  fashion  the  caoutchouc  into  the  bottles 
which  are  so  common  in  trade  :  they  make  a  clay-mould,  and 
tins  they  cover  by  immersing  it  in  the  milk  freshly  drawn  from 
the  tree ;  they  allow  it  to  coagulate,  which  it  does  very  speedily, 
especisSlj  if  it  be  exposed  to  the  smoke  of  a  wood-fire.  This 
first  layer  being  coagulated,  they  continue  the  same  process  until 
the  desired  thickness  is  attained.  The  mould  is  then  broken 
and  taken  out  piecemeal  from  the  interior  of  the  caoutchouc 
bottle  which  has  been  formed. 

The  workmen  of  Quito,  who  are  very  dexterous  in  manufac- 
turing caoutchouc,  make  shoes  and  buskins  of  it,  by  applying  it 
in  the  milky  state  over  moulds  of  the  proper  fashion.  They  also 
render  tissues  impervious,  by  spreading  it  in  the  same  state 
between  two  pieces  of  stuff  or  doth ;  the  interposed  milk  becomes 
coagulated,  and  forms  a  thin  elastic  lamina,  very  preferable 
to  the  caoutchouc  applied  by  the  aid  of  solvents. 

The  Indians  of  Choco  sometimes  procure  this  substance  by 
fdling  the  tree,  and  receiving  the  milk  which  then  flows  in  a 
stream  into  large  wooden  moulds,  generally  formed  from  a  hollow 
stem  of  the  guaduas.  By  keeping  the  mould  open,  the  milky 
mass  coagulates  after  some  time.  Several  of  these  masses  of 
caoutchouc,  which  were  brought  to  me  by  the  Indians  of  the 
Chami  nation,  were  but  slightly  elastic,  their  colour  also  was 
extremely  deep.  It  is  probable,  that  by  proceeding  in  this  way, 
the  milky  juice  is  mixed  with  large  quantities  of  the  internal  sap 
which  is  much  less  milky. 

Several  trees  in  the  valley  of  the  Magdalena  which  bear  the 
name  of  caoutchouc,  which,  however,  are  neither  the  hcevea,  nor 

also  yield  a  coagulable  juice,  which  may  be  con- 

o 
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founded  with  the  elastic  gum  ;  it  is,  I  believe,  caoutchouc 
combined  with  a  large  quantity  of  wax,  and  probably  also  of 
resin ;  this  caoutchouc  possesses  but  little  elasticity. 

M.  Faraday  found  in  the  milk  of  the  hoevea :  in  1 00  parts  : 

Water      .  .  .  .  .  .56 

Caoutchouc  .  .  .  .  .32 

Bitter  azotised  matter  soluble  in  water  and  alcohol  .        7 

A  substance  soluble  in  water  and  alcohol  (sugar)  .       3 

Too 

As  this  milk  will  remain  fluid  for  a  considerable  time,  pro- 
vided it  be  protected  from  the  air,  advantage  has  been  taken  of 
this  property  to  convey  it  to  Europe.  It  is  sent  in  well  filled, 
hermetically  sealed  bottles. 

GUMMT    AND    RB8INOU8    SAPS. 

I  place  under  this  head  the  saps  of  those  trees  which  yield 
gum  from  incisions  in  their  trunk,  as  the  acacia  vera^  and  acacia 
Arabicay  which  grow  in  Arabia,  and  from  which  gum  arabic  is 
obtained  ;  acacia  Senegal,  which  also  furnishes  a  species  of 
gum.  In  general,  in  very  warm  countries,  the  mimosas  produce 
gummy  matters  in  abundance. 

The  elaborated  sap  of  the  coniferae,  and  terebinthacede 
consists  chiefly  of  re^ous  matter,  dissolved  in  an  essential  oil 
composed  of  carbon  and  hydrogen,  similar  to  the  essence  of  tur- 
pentine. The  balsams  of  Peru  and  Tolu  are  obtained  by  incising 
the  bark  of  the  trees  which  produce  them.  In  Choco,  where  I 
have  seen  numerous  incisions  made  in  the  lower  part  of  the 
trunk  of  the  Tolu  trees,  the  balsam  flows  slowly  on  account  of 
its  thickness ;  it  does  not,  apparently,  contain  any  water. 

8ACCHABINB    SAPS. 

The  sap  of  the  fraxirms  ornuSy  and  that  of  the  fraxinus 
rotundifoliay  yield  manna  on  drying  or  becoming  thick.  The 
sap  of  several  palms  contains  a  considerable  quantity  of  saccha- 
rine matter.  At  Java,  for  instance,  crystalline  sugar  is  extracted 
from  the  arenga  saccharifera.     In  several  places,  the  sap  of 
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palm  trees  is  subjected  to  fermentation  in  order  to  prepare  vinous 
liquors. 

The  Cocos  butyracea  (palma  de  vino)  is  very  common  in 
the  valley  of  the  Rio-Grande  de  la  Magdalena.  From  a  super- 
ficial examination  which  I  made  of  it,  its  sap  contains  sugar,  an 
azotised  matter,  and  some  soluble  salts. 

By  fermentation,  it  produces  a  vinous  liquor  sufficiently  alco- 
holic to  produce  intoxication.  In  order  to  procure  it,  the  natives 
of  Benadillo  first  fell  the  tree,  taking  care,  when  it  is  down, 
to  give  the  trunk  a  slight  inclination  from  the  summit  towards 
the  lower  extremity  or  foot.  They  then  make  a  hole  towards 
the  base  of  the  trunk  sufficiently  large  to  hold  fi'om  fifteen  to 
eighteen  pints,  the  orifice  of  which  they  plug  up  with  leaves. 
The  woody  tissue,  to  all  outward  appearance,  contains  but  little 
moisture ;  but  in  ten  or  twelve  hours  after  the  operation,  the 
cavity  is  found  fiiU  of  a  liquid,  of  a  well  marked  vinous  odour, 
and  of  a  sourish  taste,  owing  probably  to  the  carbonic  acid 
which  is  disengaged  in  large  quantity.  The  wine  thus  obtained 
is  rather  agreeable.  A  palm-tree  of  from  50  to  60  feet  in 
height,  and  of  which  the  trunk  towards  the  base  is  from  20  to 
24  inches  in  diameter  will  yield  from  twenty  to  thirty  pints  of 
wine  in  twenty-four  hours  during  ten  or  twelve  days.  The 
wine  must  not  be  allowed  to  remain  too  long  after  it  has 
collected,  otherwise  it  becomes  sour. 

Sugar  is  far  fi^om  being  the  only  usefiil  substance  afforded  by 
palms.  There  are  several  of  these  trees  which  are  truly  asto- 
nishing by  reason  of  the  many  important  uses  to  which  they 
may  be  applied;  and  it  is  not  without  reason  that  the  mis- 
sionaries have  styled  the  palm,  the  tree  of  Providence,  the  bread 
of  life.  Such  more  especially  is  the  Ck>cos  mauritiay  which 
grows  in  the  plains  of  the  Apure  and  Oronoko;  its  young 
shoots  serve  as  aliment;  fi'om  its  fruit  whilst  still  green,  a 
ferinaceous  food  may  be  obtained ;  and  when  perfectly  ripe,  it 
yidds  oil  in  abundance.  Hammocks,  and  various  kinds  of  doth 
are  made  of  the  fibrous  portion  of  the  bark  of  this  tree ;  the 
young  leaves  serve  to  make  hats,  mats,  and  sails  for  ships ;  the 
tissue  which  surrounds  the  fruit  furnishes  the  Indians  with 
dothing ;  the  sap  ferments  and  yields  wine ;  the  trunk  before 

G  2 
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fructification  contains  an  amylaceous  mairow,  of  which  bread  is 
made ;  this  marrow,  on  becoming  putrid,  produces  a  vast  mul- 
titude of  large  white  worms  which  the  Indians  value  as  a  most 
delicate  dish ;  finally,  the  woody  part  of  the  mauritia  affords 
excellent  timber  for  building. 

It  is  not  necessary  to  enumerate  farther  the  principles  pro- 
duced by  vegetables ;  we  must  now  study  them  in  reference  to 
their  elementary  composition. 


85 


CHAPTER  II. 

OP   THB   CHEMICAL    CONSTITUTION    OF   VEGETABLB    SUBSTANCES. 

From  the  very  first  period  of  vegetable  life,  during  germina- 
tion, the  immediate  principles  ^vhich  constitute  the  seed  are 
destroyed  or  changed.  The  young  plant,  in  developing  its 
organs,  creates  new  substances  which  are  added  to  the  tissues 
already  existing,  so  as  to  complete  or  extend  them.  In  order  to 
account  for  the  productions  or  changes  which  take  place  in  the 
organism  of  vegetables,  it  is  expedient  first  to  study  the  intimate 
nature,  and  general  characters  of  the  materials  which  compose 
them.  Unfortunately,  in  the  present  state  of  science,  this  study 
is  as  yet  but  little  advanced ;  and,  notwithstanding  the  efforts 
which  chemical  physiology  has  made  in  recent  times,  there 
still  remain  numerous  and  important  questions  to  be  solved. 

Carbon,  hydrogen,  oxygen,  azote,  combined  in  some  cases 
with  minute  quantities  of  sulphur  or  phosphorus,  are  the  only 
elements  required  by  nature  to  give  rise  to  that  almost  endless 
variety  of  vegetable  substances,  so  different  in  their  properties, 
as  well  as  in  their  uses.  In  the  food  which  sustains  the  life  of 
animals,  as  in  the  virulent  poison  which  destroys  it,  these  same 
elementary  bodies  are  always  foimd  combined  in  varipus  and 
dissimilar  proportions. 

The  immediate  principles  of  the  vegetable  kingdom  may  be 
divided  into  three  groups,  if  we  look  to  the  number  of  the 
elements  which  constitute  these  principles  as  they  exist  in  the 
several  bodies : 

I*.  Qaarternary^  containing,  carbon,  hydrogen,  oxygen, 
azote. 

2*.  Ternary y  containing,  carbon,  hydrogen,  oxygen. 

3"*.  Binary^  containing,  carbon  and  hydrogen,  or  carbon  and 
oxygen,  or  carbon  and  azote. 
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It  is  by  the  examination  of  the  immediate  principles  which 
exist  in  the  seed,  that  we  should  approach  the  study  of  the  com- 
position of  vegetables,  and  this  the  more,  as  we  shall  find  these 
principles  diffused  throughout  the  organs  of  plants.  Once  we 
shall  have  fully  considered  their  properties  and  their  elementary 
composition,  it  will  be  sufficient  merely  to  indicate  where  they 
are  to  be  met  with  in  the  organism. 


$.    1.    QUARTERNARY   AZOTISED   PRINCIPLES   OP  VEGETABLES. 

It  has  now  for  some  considerable  time  been  ascertained  that 
several  seeds  contain  azote,  inasmuch  as  azotised  matters> 
nearly  similar  to  those  obtained  from  the  tissues  of  animals,  can 
be  extracted  from  them.  M.  Gay-Lussac  expressed  this  feet 
in  the  most  general  manner,  by  laying  it  down  as  a  law  that 
every  seed  contains  a  principle  abounding  in  azote.* 

Azotised  animal  matters,  when  heated  in  close  vessels,  yield 
an  ammoniacal  product ;  and  to  satisfy  ourselves  of  the  gene- 
rality of  the  law  laid  down  by  Gay-Lussac,  all  that  is  necessary 
is  to  subject  any  seed  whatever  to  dry  distillation. 

We  do  not  always,  indeed,  obtain  an  ammoniacal  liquor  im- 
mediately in  this  way ;  rice,  for  instance,  when  heated  in  a 
retort,  yields  a  product,  having  an  acid  reaction ;  but  it  is  easy 
to  demonstrate  in  the  acid  liquor,  the  presence  of  ammonia  by 
the  addition  of  lime,  which  at  once  sets  it  free.  Peas,  kidney- 
beans,  in  a  word  all  the  legumens  hitherto  experimented  on 
yield  a  liquor  directly,  having  a  highly  alcaline  reaction.  These 
differences,  in  the  products  of  the  dry  distillation  of  seeds,  are 
explained  in  a  very  natural  way.  Throwing  the  husk  out  of 
the  question,  we  may  consider  a  seed  as  formed  of  two  parts ; 
one,  non-azotised,  possessing  a  ternary  composition,  and  yield- 
ing by  the  action  of  heat  a  liquid  with  an  acid  reaction ;  the 
other  having  a  quartemary  composition,  consequently  azotised, 
and  yielding  an  ammoniacal  liquor,  so  that  the  acid  or  alcaline 

*  Gay-Lu88ac,  Annales  de  Chimie  et  de  Physique,  t.  liii.  p.  110, 
2e  B^rie. 
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reaction  of  the  product,  really  depends  on  the  predominance 
of  one  or  other  of  these  two  distinct  ingredients. 

M.  Gay-Lussac  subjected  every  kind  of  seed  he  could  procure 
to  distillation,  and  all  yielded  ammonia  either  directly  or  indi- 
rectly. I  shall  add  that  the  numerous  analyses  which  I  have 
had  occasion  to  make  for  several  years  back  support  the  gene- 
rality of  the  principles  laid  down  by  the  above  celebrated  chemist. 
M.  Payen  has  come  to  the  same  conclusion,  and  has  further 
shown  that  at  the  period  of  germination  the  azotised  matter  of 
seeds  is  determined  towards  the  parts  that  are  most  recently  or- 
ganized. Thus  the  spongioles  situated  at  the  extremities  of  the 
radicles  constantly  produce  ammoniacal  vapours  during  their  de- 
structive distillation  by  heat,  even  though  proceeding  from  seeds 
which,  when  distilled,  yield  an  acid  liquor  wherein  ammonia  only 
becomes  sensible  on  the  addition  of  lime.* 

The  animalized  or  azotised  substance  is  extracted  readily 
enough  from  certain  seeds,  and  has  consequently  been  known  to 
exist  in  them  for  a  very  long  time.  It  is  found  in  wheat  for  ex- 
ample in  diflferent  states,  and  is  obtained  with  great  ease  by 
simply  kneading  a  mass  of  dough  under  a  small  stream  of 
water  by  which  the  starch  is  carried  off,  and  by  and  by  there 
remains  in  the  hand  a  greyish  highly  elastic  substance  of  a  pe- 
culiar heavy  odour ;  this  is  the  gluten  of  chemists.  By  this 
simple  process  of  analysis,  however,  we  are  enabled  in  many 
cases  to  estimate  the  quality  of  a  sample  of  flour  with  reference 
to  its  richness  in  gluten,  a  substance  which  is  rightly  considered 
as  the  most  essential  among  the  nutritive  elements  of  the  cereals. 

The  washings  collected  and  allowed  to  stand,  soon  become 
dear :  the  starch  which  was  suspended  in  the  hquid  subsides, 
accompanied  by  flakes  of  an  animalized  matter.  If  the  clear 
liquor  be  decanted  and  boiled,  a  white  froth  appears  upon  its  sur- 
face, which,  skimmed  ofi^,  is  found  to  have  the  appearance  of 
coagulated  white  of  egg,  and  which  in  fact  has  all  the  characters 
of  animal  albumen.  The  water  from  which  the  albumen  is  solidi- 
fied necessarily  contains  all  the  soluble  substances  of  the  flour. 
On  evaporation,  it  leaves  substances  similar  to  gum  and  sugar, 
and  traces  of  saline  matters. 

*  Payen,  M^oire  sur  la  composition  chimique  des  v^gdtaux>  p.  7. 
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With  the  exception  of  the  starch,  which  contains  very  little 
foreign  matter,  the  different  substances  obtained  by  this  process 
of  washing  are  far  from  being  in  a  state  of  purity.  I  have  said 
that  all  seeds  contain  fatty  substances,  but  in  the  products  of 
the  operation  just  described,  no  oily  matter  was  detected.  As  it 
cannot  be  discovered  in  perceptible  quantity  in  starch,  nor  in 
the  substances  soluble  in  water,  it  must  remain  attached  to  the 
gluten ;  and  this  is  actually  the  case.  The  gluten,  the  coagu- 
lated albumen  then,  are  not  pure  proximate  principles ;  fat  or 
oil  may  be  obtained  from  them  ;  and  further  by  examining  com- 
mon gluten  carefully  we  learn  that  it  contains  several  azotised 
substances,  which  differ  from  one  another.  By  boiling  crude 
gluten  with  alcohol  we  ultimately  obtain  a  fibrous  greyish  re- 
sidue, called  by  M.  Dumas  vegetable  fibrine.  On  cooling,  the 
alcoholic  liquor  lets  fall  a  substance  which  in  its  properties  re- 
sembles the  caseum  or  curd  of  milk.  Lastly,  if  the  cold  alco- 
holic solution  be  concentrated,  a  pultaceous  substance  separates 
from  it,  called  by  Messrs.  Dumas  and  Cahours  glutine. 

Analysis,  accordingly,  indicates  the  presence  of  four  azotised 
substances  in  wheat;  and  when  these  are  all  combined  in  the 
mass  of  gluten  obtained  by  washing  a  lump  of  dough,  they  re- 
tain fatty  matters,  from  which  they  may  be  freed  by  means  of 
alcohol  and  ether.  The  following,  according  to  MM.  Dumas 
and  Cahours,  is  the  composition  of  the  azotised  principles  of 
wheat,  dried  at  140  centig.  (284**  F.)* 

CarlMo. 

Fibrine        .         .  .  53.2 

Albumen     .         .  .  53.7 

Caseine  (caseum)  •  53.5 

Glutine  •  .  53.3 

Legumine,  Some  vegetables,  particularly  some  seeds,  contain 
a  substance  different  from  any  of  those  just  described.  This  M, 
Braconnot  was  the  first  to  notice  in  the  seeds  of  the  family  of 
the  Leguminosse,  and  it  has  been  since  detected  by  Dumas  and 
Cahours  in  many  different  seeds.  Legumine^  which  plays  an 
important  part  in  the  nutrition  of  animals,  is  obtained  by  di- 

*  Dumas  et  Cahours,  Annales  de  Chimie  et  de  Physique,  p.  390, 
3e  scrie. 


ydrogcn. 

Asote. 

Ozyien,  Salpk. 
it  FoMphonu. 

7.0 

16.4 

23.4 

7.1 

15.7 

20.5 

7.1 

16.0 

23.4 

7.2 

15.9 

23.6 
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gestiQg  a  quantity  of  pea  or  bean  meal,  or  crushed  peas  or  beans 
in  tepid  water  for  two  or  three  hours ;  the  pulp  is  then  pounded 
in  a  mortar,  and  afterwards  mixed  with  its  own  weight  of  cold 
water ;  after  one  hour's  maceration  it  is  pressed  through  a  cloth. 
On  standing,  the  liquid  throws  down  some  fecula.  F^tration  is 
employed  to  have  the  liquor  perfectly  clear ;  upon  which  a  quan- 
tity of  acetic  add  diluted  with  from  eight  to  ten  times  its  weight 
of  water  is  gradually  added,  when  a  snowy  floculent  precipitate 
of  legumine  falls.  This  is  collected  in  a  filter  and  washed  with 
water ;  the  legumine  is  then  treated  with  alcohol,  dried,  and 
pulverized,  preparatory  to  digestion  in  ether,  in  order  to  free  it 
from  &tty  matters. 

L^umine  thus  prepared  has  a  pearly  or  lustrous  appearance. 
It  is  insoluble  in  alcohol  and  ether.  Cold  water  dissolves  it  in 
laige  quantity.  On  boiling  the  watery  solution,  legumine  is 
coagulated  and  falls  in  flocculi  analogous  to  those  formed  by  al- 
bumen under  the  same  circumstances.  Weak  hydrochloric  acid 
throws  down  legumine  from  its  watery  solution  like  the  acetic 
acid ;  the  concentrated  acid,  again,  dissolves  it,  acquiring  a  violet 
tint,  a  character  which  also  belongs  to  albumen ;  but  that  legu- 
mine is  actually  distinct  from  albumen  is  proved  by  the  circum- 
stance of  its  being  precipitated  by  phosphoric  acid  with  three 
atoms  of  water,  which  albumen  is  not.  The  alcalies  dissolve 
legumine  at  common  temperatures. 

COMPOSITION    OF   LBGTJMINB,    OBTAINED    FROM    DIFFERBNT   SEEDS.'*' 


Carbon    . 
Hydrogen 
Azote 
Oxygen  •       • 

Sweet 
Almonds. 

Plum- 
Kernels. 

Apricot 
Kernels. 

White 
Mustard. 

Basel 
Nuts. 

1 

• 

1 

Kidney 
Beans. 

50.9 

6.7 

18.8 

23.6 

50.9 

6.7 

18.6 

23.8 

50.7 

6.7 

18.8 

23.8 

50.8 

6.7 

18.6 

23.9 

50.7 

6.7 

18.8 

23.8 

50.5 

6.9 

18.2 

24.4 

50,5 

6,7 

18,2 

24,6 

50.7 

6.8 

17.6 

24.9 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

These  same  azotised  compounds,  or  substances  differing  but 
little  from  them,  are  very  probably  those  that  are  now  recog- 
nised as  distributed  through  the  whole  body  of  every  vegetable. 

*  Domas  et  Cahours,  Annales  de  Chimie  et  de  Physique,  t.  vi.  p.  423. 
3e  sdrie. 
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M.  Payen  after  having  ascertained  the  presence  of  these  sub- 
stances in  the  radicles  and  spongioles,  proved  it  in  nearly  all  the 
organs.  The  examination  was  extended  to  a  great  numb^  of 
species  of  different  families.  The  ascending  sap  of  a  fig-tree 
(ficus  carica)j  that  of  the  lime-tree,  of  the  black  poplar,  of  the 
vine,  have  all  yielded  ammoniacal  vapours  under  the  influence  of 
fire ;  so  also  do  the  buds,  the  young  leaves,  the  stigmas,  the 
anthers,  &c.*  Thus,  according  to  M.  Payen,  the  nutritious  juices 
which  ascend  fi'om  the  extremities  of  the  radicles  to  the  terminal 
points  of  the  leaves,  carry  an  azotised  principle  which  accumu- 
lates in  all  the  growing  organs,  at  the  same  time  that  it  is  de- 
posited within  the  entire  extent  of  the  canals  which  the  sap  tra- 
verses. It  might  therefore  be  supposed  that  in  the  latter  situa- 
tion the  azotised  substance  was  associated  with  matters  of  t^- 
nary  constitution  so  as  to  form  membranes  and  tissues.  But 
from  the  various  organs  of  the  many  species  studied,  M.  Payen 
succeeded  in  dissolving  out  by  means  of  alcalies,  and  entirely 
eliminating  the  animalized  substances,  without  causing  the 
slightest  rent  or  erosion  in  the  tissues  perceptible  with  the  mi- 
croscope ;  whence  it  may  fairly  be  concluded  that  if  these  sub- 
stances everywhere  and  always  accompany  the  young  tissues  of 
plants  they  still  form  no  integral  part  of  them.f  The  ani- 
malized matter  seems  consequently  to  preserve  a  kind  of  inde- 
pendence with  reference  to  the  organs  which  secrete,  which  con- 
vey, and  which  contain  it ;  it  preserves  a  sort  of  mobility  which 
allows  of  its  displacement.  And  it  was  in  fact  necessary  that 
this  should  be  so ;  for  as  the  period  of  maturity  approaches  we 
see  the  azotised  substance  carried  more  particularly  towards  the 
generative  organs,  and  finally  become  fixed  as  it  were,  and  accu- 
midated  in  the  seeds.  I  have  had  fi-equent  occasion  to  satisfy 
myself  that  the  trefoil,  the  red-beet,  the  turnip,  &c.,  contain  much 
less  azote  after  ripening  their  seeds  than  they  did  previously ;  and 
all  husbandmen  know  that  the  straw  or  refuse  of  plants  that 
have  run  to  seed  forms  very  indifferent  fodder  for  catUe. 

The  cambium^  that  peculiar  globulo-cellular  matter  which  is 
constantly  found  accumulated  where  the  vegetable  is  forming 

*  Payen,  M6moire  surles  d^veloppemens  des  vdg^taux,  p.  S6. 
t  Idem,  p.  42. 
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woody  tissue,  contains,  acccording  to  MM.  Mirbel  and  Payen, 
the  same  azotised  principle  of  an  animal  nature,  in  conjunction 
with  ternary  substances,  whose  composition,  as  we  shall  pre- 
sently see,  is  represented  nearly  by  carbon  and  water.*  As  the 
cellular  tissue  is  evolved  at  the  expense  of  the  cambium,  the 
animalized  matters  show  a  tendency  to  quit  the  consolidated  or- 
gan. The  departure  of  these  matters  at  the  epoch  of  the 
growth  of  the  ceDs,  explams  satisfactorily  wherefore  the  interiors 
of  old  trees  contain  but  a  few  thousandths  of  azote,  whilst  all  the 
organs  of  recent  formation  always  contain  several  hundredths. 
With  the  assistance  of  chemical  analysis  it  is  possible  to  follow 
the  appearance  and  the  removal  of  the  azotised  matter ;  thus  in 
the  alburnum  and  wood  it  is  observed  to  diminish  in  quan* 
tity  from  the  circumference  to  the  centre ;  this  diminution  is  also 
observed  in  the  branches,  proceeding  from  their  extremities  to 
their  point  of  junction  with  the  trunk. 


^   II. PROXIMATE   PRINCIPLES   WITH  A  TERNARY   COMPOSITION. 

OF   STARCH. 

Starch  is  contained  in  the  cells  of  vegetables  under  the  form 
of  small  white  granules  which  have  no  crystalline  structure. 

In  the  year  1716,  Leuwenhoeck  ascertained  that  these 
granules  were  globular  bodies  more  or  less  regular  in  their 
contours.  He  believed  that  he  could  perceive  each  globule 
enclosed  in  an  envelope,  a  kind  of  sac  different  in  its  nature  from 
the  matter  which  it  contained.  M.  Raspail,  a  few  years  ago, 
confirmed  by  his  own  researches  the  observations  of  Leuwenhoeck ; 
he  further  attempted  to  measure  the  diameter  of  the  globules 
in  different  kinds  of  starch,  and  came  to  the  conclusion  that 
their  capsule  is  insoluble,  and  that  it  is  the  internal  part  alone 
which  is  soluble  in  hot  water.f  Since  then  MM.  Payen  and 
Porsoz  have  ascertained  that  if  the  globules  of  starch  be  really 

*  De  Mirbel  et  Payen,  Comptes  rendus  de  rAcad^mie  des  Sciences,  t.  xvi. 
p.  98. 

t  In  1812,  Villan,  in  a  paper  on  the  structure  of  the  potatoe,  had  already 
estimated  the  volume  of  the  globules  of  different  kinds  of  starch. 
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surrounded  by  a  capsule,  it  must  be  present  in  a  quantity 
scarcely  appreciable — a  quantity  not  exceeding  ^Joo^h  ^  ^^^  weight 
of  the  starch.  These  first  researches  were  followed  by  the 
subsequent  observations  of  M.  Payen,  who  has  devoted  himself 
to  the  study  of  the  amylaceous  principle  with  a  zeal  and  perse- 
verance wldch  must  secure  him  the  gratitude  of  chemists  and 
physiologists. 

M.  Payen  has  examined  a  vast  number  of  fcecube  micros- 
copically ;  the  largest  granules  he  observed  were  obtained  fix>m 
one  of  the  varieties  of  potatoe,  from  the  menispermum  palnuUumf 
and  the  canna  gigantea. 

The  globules  of  starch  frequently  exhibit  a  polyhedal  ap- 
pearanccj  a  figure  which  evidently  results  from  their  mutual 
pressure  as  they  have  lain  in  the  cells  of  the  vegetable.  Not- 
withstanding a  great  general  analogy  of  form,  the  granules  of 
the  starch  of  different  species  of  vegetables,  stiD  present  peculiar 
physiognomies,  so  that  they  can  be  distinguished  in  many 
instances  by  the  practised  eye.  A  character  common  to  the 
majority  of  foeculae,  however,  is  roundness  of  contour,  when  their 
particles  have  not  been  compressed  by  their  contact  in  con- 
tiguous cells. 

Microscopical  and  chemical  researches  alike  show  that  starch 
is  homogeneous  in  properties,  as  in  composition  ;  that  its  globules 
are  composed  of  concentric  layers,  the  external  of  which  have 
exactly  the  same  characters  as  the  internal  layers."*^  In  the 
natural  state,  starch  is  insoluble  in  water  and  in  alcohol ;  it  is 
very  ductile,  and  under  the  influence  of  certain  agents  it  exhibits 
a  great  degree  of  contractility. 

Feculas  retain  water  with  considerable  force;  the  quantity 
retained  varies  with  the  temperature  at  which  the  drying  was 
accomplished.  Thus  the  fecula  of  the  potatoe,  which  is  moist 
and  porous,  even  when  subjected  to  strong  pressure,  still  retains 
45  per  cent,  of  water.  This  is  the  green  or  raw  starch  of 
manufacturers.  Dry  starch  is  very  hygrometric.  If  after  being 
dried  it  is  placed  in  an  atmosphere  saturated  with  moisture,  at 
20"*  centig.  (68^*  Fahr.)  it  will  absorb  nearly  36  per  cent,  of 
water,  and  its  bulk  increases  in  the  ratio  of  one  to  one  and  a 

♦  Fritzche,  Annales  de  Poggendorf,  t.  xxxii.  p.  129. 
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half;  in  this  state  starch  is  brilliantly  white,  and  its  grains 
adhere  so  closely  that  they  form  a  mass  of  sufHcient  firmness  to 
take  the  impress  of  a  seal ;  starch  in  this  state,  however,  pressed 
upon  paper  yields  no  perceptible  trace  of  moisture ;  it  is  too 
Imrd  and  adherent  to  pass  through  a  sieve ;  and  when  thrown  on 
a  metal  plate  heated  to  1 25**  (25  T  Fahr.)  its  particles  imme- 
diately unite  and  form  a  cake.  The  starch  of  commerce,  in  the 
state  in  which  it  is  usually  found  in  shops,  contains  1 8  per 
cent  of  water ;  it  is  either  pulverulent  or  readily  reducible  to 
powder,  though  by  slight  pressure  in  the  hand,  it  may  be  formed 
into  a  mass  or  ball.  After  drying  in  vacuo  at  the  ordinary 
temperature,  starch  retains  no  more  than  1 0  per  cent,  of  moisture ; 
a  temperature  not  less  than  1 40^  (284^  Fahr.)  is  required  to 
dry  it  oomjdetely ;  the  water  which  it  retains  at  this  temperature 
belongs  to  its  constitution,  and  cannot  be  taken  from  it  except 
by  combining  it  with  bases.* 

MM.  Collin  and  Gaultier  de  Claubry  discovered  the  im- 
pcNiant  character  of  starch,  that  of  yielding  a  fine  blue  or  violet 
cdour  on  combining  with  iodincf  According  to  M.  Payen, 
the  colour  is  more  intense,  nearer  to  blue  and  more  lasting,  in 
proportion  as  the  starch  is  more  strongly  compressed  ;  the  effect 
of  separation  is  to  turn  the  blue  to  shades  of  violet  which 
i^roach  redness  as  the  substance  is  looser.  The  same  fecula, 
according  to  the  degree  of  its  aggregation  in  plants,  is  seen  to 
assume  shades,  which  are  first  reddish,  then  violet,  and  eventually 
of  a  more  decided  blue  coloiu-,  under  the  action  of  iodine.| 

M.  Lassaigne  has  noticed  a  very  curious  property  of  the 
combination  of  iodine  and  starch  :  if  an  amylaceous  fluid,  having 
the  decided  blue  colour,  be  heated  to  89^  or  90*  C.  (193**  or  194° 
Fahr.)  the  solution  becomes  completely  blanched ;  but  it  resumes 
its  former  tint  as  the  liquid  cools.$ 

This  property,  which  starch  possesses  of  striking  a  blue 
colour  with  iodine,  renders  one  of  these  bodies  an  excellent 
test  for  the  other.     However,  as  the  iodine  must  exist  in  the 

^  Pk3ren,  Mtooire  dt^,  p.  88. 

t  GoDin  et  Gktuthier  de  Claubry,  Annales  de  Chimie,  t.  xc.  p.  92. 

X  Fkyen,  M^oire  cit6,  p.  105. 

S  Lanaigne^  Journal  de  Cbimie  M^cale,  t.  ix.  p.  510. 
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bee  state  to  produce  Its  effect,  it  is  necessary,  when  the  blue 
colour  does  not  show  itself  at  once,  in  a  solution  in  which  iodine 
is  suspected,  and  to  which  starch  has  been  added,  to  add  a  few 
drops  of  sulphuric  acid,  so  as  to  decompose  the  hydriodic  acid  in 
cases  where  it  may  exist. 

It  is  familiarly  known  that  if  raw  starch  be  mixed  with  boiling 
water,  the  result  will  be  a  thick,  paste-made  starch.  According 
to  M.  Payen,  the  change  that  takes  place  in  the  state  of  the 
fecula  is  owing  to  a  swelling,  a  rupture,  or  disgregation  of  its 
granules.  By  heating  a  drachm  of  starch,  mixed  with  about  a 
couple  of  oimces  of  water  to  about  60°  cent.  (140®  Fahr.)  the 
microscope  shows  us  that  the  smallest  or  youngest  grains, — 
those  possessed  of  the  least  cohesion,  have  absorbed  a  conside- 
rable quantity  of  water,  and  that  the  expansion  of  the  contents 
has  caused  a  certain  number  of  the  globules  to  burst ;  at  this 
temperature,  however,  some  grains  of  fecula  are  observed,  which 
do  not  appear  to  have  yet  attained  their  maximum  of  enlargement, 
and  whose  contents  consequently  are  not  yet  diffused  through 
the  liquid;  it  is  only  between  72** and  100°  cent.  (161.6**  and 
212^  Fahr.)  that  the  maximum  of  expansion  becomes  general 
and  that  the  solution  acquires  its  greatest  consistency.* 

The  remarkable  property  possessed  by  starch  of  making  a 
glutinous  solution  or  thick  paste  with  water  under  the  influence 
of  heat,  led  M.  Payen  to  conjecture  that  a  contrary  effect  would  be 
produced  by  lowering  the  temperature — that  the  starch  might 
be  recovered  in  its  original  state  of  distinct  globules  by  suitable 
management ;  and  this  he  in  fact  accomplished  by  an  ingenious 
procedure.  Starch  appears  to  suffer  no  actual  change  when 
diffused  in  water  by  exposure  to  a  temperature  of  212**  Fahr. ; 
the  granules  have  only  swollen  to  about  thirty  times  their 
original  dimensions  by  the  imbibition  of  a  large  quantity  of 
water. 

We  have  already  seen  how  starch  may  be  extracted  fix)m 
wheaten  flour ;  this  method,  however,  is  not  the  one  that  is 
usually  followed  to  procure  this  useful  substance,  so  large  a 
quantity  of  which  is  consumed  in  the  arts.      Formerly,  starch 

*  Payen,  M6moire  cit.  p.  96. 
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was  universally  obtained  from  grain, — ^wheat;  at  present  the 
potato  furnishes  a  still  larger  quantity  than  grain.  In  the 
equatorial  regions  of  South  America,  starch  is  abundantly  pre- 
pared from  the  Yuca  (Jatropha  manihot)^  and  from  several  spe- 
cies of  palm. 

To  obtain  starch  from  wheat,  the  grain  is  either  coarsely  ground 
and  mixed  with  water  in  large  tubs ;  or  it  is  put  to  steep  in 
sacks  until  it  is  so  soft  that  a  process  of  kneading  suffices  to 
set  the  starch  at  liberty. 

Starch  from  potatoes.  The  potatoes  are  grated  after  having 
been  well  washed,  and  the  pulp  being  thrown  on  a  sieve,  the 
starch  is  carried  off  by  the  water  and  deposited  in  suitable  ves- 
sels. The  washings  in  the  manufacture  of  potato  starch  soon 
become  putrid  by  reason  of  the  azotised  matter  which  they  con- 
tain, and  until  lately  occasioned  much  annoyance,  until  M. 
Dailly  conceived  the  happy  idea  of  turning  them  to  account  as 
liquid  manure. 

Starch  of  the  Yuca  or  Jatropha  manihot.  The  manihot 
yields  very  large  roots,  rich  in  starch.  These  are  taken  up  a 
little  after  the  flowering,  when  the  fecula  is  most  abundant.  To 
extract  the  starch,  precisely  the  same  process  is  employed  as  in 
the  case  of  the  potato.  In  South  America  the  manioc  is  dis- 
tinguished into  yuca  dulce  (mild)  and  yuca  brava  (malignant) ; 
the  latter  epithet  applying  to  the  jatropha  containing  poisonous 
juice.  The  two  yucas  are,  however,  but  one  and  the  same 
species ;  at  least  a  skilful  botanist,  M.  Goudot,  who  resided  for 
several  years  in  America,  could  not  perceive  any  specific 
differences  between  them.  The  poisonous  principle  of  the 
yuca  brava  must  be  very  volatile,  or  readily  destroyed  by  heat, 
for  the  root  may  be  eaten  with  impunity  afler  it  has  been  roasted, 
while  the  animals  who  eat  it  in  the  raw  state  soon  experience 
the  most  distressing  effects. 

The  Indians  seldom  prepare  starch  from  the  jatropha ;  but  the 
root  fi^uently  constitutes  the  staple  of  their  food.  It  is  from 
the  yuca  brava  that  they  obtain  the  cassava  which  supplies 
the  place  of  bread  with  them.  Among  the  Indians  in  the 
country  near  the  river  Malta,  one  of  the  principal  tributaries  of 
the  Oronoko,  I  have  seen  the   cassava  prepared  in  the  follow- 
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ing  manner :  the  roots  of  the  manioc  were  scraped  on  a  sort  of 
rasp  formed  of  small  fragments  of  flint  stuck  into  a  plank  ;  the 
pulp  was  then  put  to  drain  in  a  long  strainer  made  of  the  entire 
bark  of  a  species  of  fig ;  the  juice  having  drained  away,  water 
was  added  to  finish  the  washing ;  the  liquid  came  out  nearly 
dear  and  without  bringing  away  any  perceptible  quantity  of 
starch.  To  form  the  pulp  into  cakes  of  cassava,  it  was  spread 
out  on  an  earthem  dish  placed  over  the  fire ;  the  process  was 
complete  when  the  cassava  was  dry,  and  slightly  toasted  on 
the  outside.  Cassava  bread  is  not  very  palatable,  but  it  pos- 
sesses the  property  of  keeping  for  a  long  time  in  spite  of  heat 
and  moisture,  and  is  firequently  an  indispensable  article  of  pro- 
vision with  the  South  American  traveller.  The  Indians  say  that 
they  cannot  obtain  cassava  fi-om  the  yiLca  dulce. 

Starch  from  palms.  In  the  Moluccas  and  Philippine  Is- 
lands, and  in  the  plains  of  Apure,  there  are  certain  palms  which 
yield  a  species  of  fecula.  This  fecula  is  found  in  a  soft  substance, 
generally  situated  in  the  centre  of  these  trees.  The  marrow  of 
these  palms  is  dried,  and  when  sifted  presents  itself  in  the  form 
of  grains,  which  in  commerce  bear  the  name  of  sago. 

None  of  the  amylaceous  principles  or  feculas  obtained  by  the 
processes  which  I  have  mentioned  are  absolutely  pure ;  even  sup- 
posing all  the  soluble  substances  to  have  been  removed  by  wash- 
ing, they  still  retain  fatty  matters,  azotised  principles,  and 
colouring  substances.  Starch  is  purified  by  following  up  the 
water  washings  by  the  action  of  alcohol,  of  acetic  acid  and 
of  ammonia.  Starch  in  its  state  of  greatest  purity,  and  dried  at 
1 00''  cent.  (2 1 2^  Fahr.)  contains,  according  to  the  analysis  of  M. 
Jacquelain : 

Carbon  ....  44.9 
Hydrogen  ...  6.3 
Oxygen    ....      48.8 


100.0* 


By  slight  roasting,  amylaceous  feculas  undergo  considerable 

changes ;  they  become  soluble  in  water,  and  then  present  the 

*  Jacquelain,  Annales  de  Chimie  et  de  Physique,  t.  lxxiii.  p.  181, 
2e  sdiie. 
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properties  of  gum.*  Starch  thus  roasted,  supplies  the  place  of 
gum  in  various  manufacturing  processes ;  still  it  should  not  be  con- 
founded with  gum  in  a  chemical  point  of  view.  The  acids  act  with 
more  or  less  energy  on  starch,  and  give  rise  to  different  products. 
Nitric  add,  when  it  is  diluted  with  water,  merely  dissolves 
fecula;  but  at  a  certain  degree  of  concentration  it  exerts  a  de- 
structive action.  In  this  reaction  several  acids  are  formed, 
among  others  oxalic  acid.  By  employing  very  dilute  sulphuric 
acid,  Kirchhoff  succeeded  in  changing  starch  into  a  saccharine 
substance  similar  to  the  sugar  of  the  grape.  The  operation 
may  be  performed  in  a  leaden  or  silver  pan,  or,  what  is  prefer- 
able, especially  when  the  process  is  carried  on  upon  the  great 
scale,  in  wooden  vessels,  in  which  the  liquid  mass  is  heated  by 
steam.  According  to  M.  Couverchel,  several  organic  acids  are 
capable  of  changing  fecula  into  sugar  in  a  similar  manner ;  such 
are  oxalic,  tartaric  and  malic  acids. 

The  artificial  conversion  of  starch  into  grape  sugar  has  not 
yet  been  satisfactorily  accounted  for.  The  acid  employed  does 
not  seem  to  undergo  any  change;  it  is  found  in  its  original 
state  and  quantity  after  the  operation.  M.  de  Saussure  thinks 
that  the  efiect  of  the  reaction  is  the  fixation  of  water ;  thus 
100  parts  of  fecula  yielded  him  110.40  parts  of  sugar. f 

M.  Couverchel  and  M.  Gu^rin,  on  the  contrary,  state  that  the 
quantity  of  sugar  obtained  was  less  than  that  of  the  starch  they 
employed. 

Gluten  exerts  a  reaction  on  starch  similar  to  that  produced 
by  acids  ;  Kirchhoff  discovered,  that  under  the  influence  of  the 
azotised  matters  which  are  met  with  in  flour,  the  fecula  is  con- 
verted into  sugar.J  Two  parts  of  starch  being  mixed  with  four 
parts  of  cold  water,  on  adding  twenty  parts  of  boiling  water,  a 
thick  paste  is  produced ;  if  into  this  one  part  of  dry,  powdered 
gluten  be  introduced,  and  the  mixture  be  kept  at  the  temperature 
of  60*^  cent.  (140®  Fahr.),  the  paste  becomes  more  and  more 
liquid,  so  that  the  mixture  may  be  filtered  at  the  end  of 
from  six  to  eight  hours.     By  concentration  a  syrup  is  obtained, 

^  Vauquelm  and  Bouillon  Lagrange,  Bulletin  de  Pharmacie,  t.  iii,  p.  54. 
t  SaoMure,  Biblioth^ue  britannique,  t.  lvi,  p.  333. 
t  Kirchhoff,  Journal  de  Pharmacie,  t.  ii,  p.  250. 
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in  which  small  crystals  of  sugar  are  perceived.  It  is  well  known 
that  during  the  act  of  germination,  fermentable  saccharine 
matter  is  produced.  KirchhofF  concluded  from  his  experiments, 
that  this  production  of  sugar  in  germination  is  attributable  to  the 
reaction  of  the  gluten  on  the  starch.  Germinating  grain,  barley- 
malt  for  instance,  reacts  rapidly  and  powerfully  on  any  fecula 
with  which  it  is  brought  into  contact ;  a  fact  well  known  to,  and 
constantly  taken  advantage  of,  by  manufacturers  of  spirits  from 
potatoes  and  raw  grain,  large  mashes  of  which  are  rapidly  con- 
verted into  sweet  fermentable  liquids  imder  the  action  of  a  little 
malt. 

These  facts,  it  is  evident,  cannot  be  explained  by  KirchhojBT's 
experiment ;  in  the  fermentation  of  the  potatoe,  the  mass  of  fe- 
cula to  be  converted  into  sugar  is  too  great  compared  with  the 
quantity  of  gluten  which  exists  in  the  malted  barley.  Further, 
the  gluten  in  grain  which  has  not  germinated,  scarcely  exerts 
any  appreciable  action.  The  principle  which,  in  the  preceding 
operations,  converts  the  starch  into  sugar  must  therefore  become 
developed  during  germination.  This  important  point  in  the  art 
of  the  distiller  has  been  investigated  with  great  ingenuity  by  M. 
Dubrunfaut  ;*  and  MM.  Persoz  and  Payen  succeeded  in  sepa- 
rating the  peculiar  matter  in  barley  malt  which  possesses  the 
property  of  converting  starch  into  sugar.  This  matter  has  been 
called  diastase. 

Diastase  exists  in  the  seeds  of  all  the  cereals  which  have  ger- 
minated; it  is  met  with  more  especially  near  the  germs,  it 
seems  even  that  the  radicles  contain  none  of  it.  Nor  is  diastase 
observed  in  the  shoots  or  roots  of  the  potato ;  it  is  to  be  met 
with  only  in  the  tubers,  around  the  eyes  or  points  where  the 
young  sprouts  are  developed,  precisely  as  M.  Payen  has  remarked, 
in  the  place  where  we  should  conceive  its  presence  to  be  necessary 
for  effecting  the  solution  of  the  fecula.  It'  is  also  found  to  exist  in 
the  bark  and  beneath  the  buds  of  trees,  always  in  contact  with 
starch.t     Diastase  is  generally  obtained  from  malt,  and  when 

*  Dubrunfaut,  Mdmoires  de  la  Socidt6  royale  d* Agriculture,  ann^  1823, 
p  .  146. 

t  Payen  and  Persoz,  Annales  de  Chimie  et  de  Physique,  t.  liii,  p.  73  : 
t.  Lvi,  p.  337,  2e  s^rie. 
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carefully  prepared,  its  peculiar  power  is  such,  that  one  part  by 
weight  is  sufficient  completely  to  liquefy  two  thousand  parts  of 
standi.  Diastase  is  solid,  white,  amorphous,  insoluble  in  pure 
alcohol,  soluble  in  water  and  weak  alcohol.  The  solution  very 
readily  undergoes  change ;  it  becomes  add,  and  then  no  longer 
exerts  any  action  on  fecula.  When  dried,  it  keeps  much  better ; 
still,  at  the  end  of  two  years,  it  seems  to  have  lost  its  distinguish- 
ing properties.  Diastase  has  no  action  on  vegetable  tinctures,  on 
albumen,  gluten,  cane-sugar,  gum-arabic,  or  the  woody  fibre. 
That  which  more  espedally  characterizes  it,  is  its  powerful  ac- 
tion on  fecula ;  it  may  be  advantageously  used  to  separate  and 
purify  the  preceding  substances,  when  they  are  mixed  with 
starch.  The  presence  of  diastase  in  malt  explains  the  pheno- 
menon of  the  liquefaction  of  starch  effected  by  the  action  of 
a  smaD  quantity  of  that  substance.  This  solution  is  not  effected 
by  gluten,  nor  by  hordeine,  as  M.  Dubrunfaut  had  imagined. 

By  the  action  of  diastase,  or  of  malted  barley,  the  starch  on 
being  liquefied  is  not  entirely  converted  into  sugar ;  there  are 
other  distinct  products  to  be  considered  in  this  change.  The 
sjrrup  obtained  by  concentrating  the  liquefied  starch,  contains 
sugar  capable  of  undergoing  the  vinous  fermentation,  and  a 
gummy  matter,  dextrine.  These  two  substances  may  be  sepa- 
rated by  means  of  dilute  alcohol,  which  dissolves  the  sugar  and 
leaves  the  gum  untouched.  The  relative  quantities  of  dextrine 
and  sugar  produced  by  the  action  of  diastase  are  variable,  and 
depend  both  on  the  temperature  at  which  the  process  is  con- 
ductedy  and  on  the  continuance  of  the  reaction.  In  the  first 
period  of  the  process,  the  dextrine  predominates ;  but  it  becomes 
less  and  less  by  d^rees,  and  finally  gives  place  to  sugar. 

M.  Gu^rin  ascertained  a  curious  fact,  which  shows  how  the 
diastase  devdoped  in  plants  may  act  on  their  starch :  reaction 
takes  place  even  at  ordinary  temperatures.  In  one  of  M. 
Gu&in's  expmmmts,  at  a  temperatwe  no  higher  than  20^  cent. 
(68*  Fahr.)  a  quantity  of  starch,  at  the  end  of  twenty-four  hours, 
was  converted  into  syrup,  whi(^  yidded  77  per  cent,  of  saccha- 
rine matter.* 

Pure  dextrine.     M.  Payen  freed  dextrine  from  the  sugar 

*  GKi^rin,  Annales  de  Chimie,  t.  lx»  p.  42,  2e  s^rie. 

H    2 


r 


100  CHEMICAL   CONSTITUTION   OF  VEGETABLES. 

which  usually  accompanies  it  hy  precipitating  a  syrup  of  fecula 
previously  dissolved  in  dilute  alcohol,  by  means  of  alcohol  nearly 
free  from  water.  Dextrine  well  dried,  and  reduced  to  powder, 
has  a  specific  gravity  of  1.51.  The  specific  gravity  of  pure 
starch  is  1.51,  that  of  the  sugar  of  starch  1.61."*^ 

M.  Payen  found  dextrine  dried  at  a  temperature  of  2 1 2®  Fahr. 
to  consist  of: 

Carbon  .44.3 

Hydrogen    .         .6.0 
Oxygen  .  49.7 


lOO.Ot 

a  composition  identical  with  that  of  starch. 

We  have  seen  that  water,  acidulated  with  sulphuric  acid, 
transforms  starch  into  sugar ;  and  that  in  this  respect,  the  acid 
acts  precisely  in  the  same  way  as  malted  harley,  like  which, 
the  acid  first  causes  the  fecula  to  pass  into  the  state  of  dextrine : 
by  checking  the  reaction  at  the  proper  moment,  this  substance 
may  thus  be  obtained,  as  was  shown  by  Messrs.  Biot  and  Persoz.| 
When  starch,  for  instance,  is  triturated  with  concentrated  sul- 
phuric acid,  if  the  mixture  be  diluted  with  half  its  volume  of 
water,  and  be  left  at  rest  for  an  hour,  alcohol  will  throw  down 
almost  the  whole  of  the  starch  employed  in  the  state  of  dextrine. 

M.  Payen  has  remarked  that  starch  is  never  met  with  in  the 
vegetable  tissues  whilst  in  the  rudimentary  state ;  the  spongioles, 
the  radicles,  the  foliaceous  buds,  the  interior  of  the  ovules  contain 
none  of  it.  Nor  is  starch  found  in  the  epidermis,  nor  in  the 
primary  cells  of  the  subjacent  tissues.  This  proximate  prindple 
seems  to  be  excluded  from  those  parts  of  vegetables  that  are 
more  directly  exposed  to  atmospheric  influences :  it  is  only  met 
at  a  certain  depth;  and  the  globules  which  constitute  starch 
increase  in  number  and  in  size  in  the  cells  most  remote  from 
the  surface.  The  subterraneous  organs  of  plants, — certain  bulbs, 
most  tubers  abound  in  amylaceous  matter.  It  might  be  main- 
tained that  light  modified  this  substance,  at  the  very  moment 

♦  Payen,  M^moires  cit^,  p.  169. 
t  Idem,  p.  157. 

t  Biot  and  Persoz,  Annales  de  Chimie  et  de  Physique,  t.  lii.  p.  73, 
2e  s^rie. 
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that  it  was  subjected  to  the  vital  influence,  and  that  it  was  only 
preserved  in  the  dark. 

On  the  globules  of  some  species  of  fcecula  there  is  found  a 
point  or  hflum,  which,  according  to  some  observers,  serves  to 
fix  them  to  the  parietes  of  the  oeUs  which  enclose  them.  It 
often  happens,  however,  that  no  hilum  can  be  distinguished, 
even  by  the  help  of  the  most  powerful  microscopes ;  to  render  it 
apparent,  recourse  must  be  had  to  desiccation,  which,  by  causing 
the  globular  mass  to  shrink,  allows  the  part  carrying  the  hilum, 
to  project,  by  reason  of  its  stronger  cohesion.  M.  Payen  does 
not  regard  the  hilum  as  a  point  of  permanent  attachment, 
connecting  the  grain  of  starch  to  the  interior  wall  of  the  cell.  He 
considers  it  as  the  orifice  of  the  duct  by  which  growth  is  effected 
through  intersusception.  In  support  of  this  view,  M.  Payen 
observes,  that  in  a  great  number  of  vegetable  ceDs,  especially  in 
those  of  the  potato,  and  of  the  rhizomas,  the  globules  of  starch 
are  developed  in  such  quantity,  that  it  is  actually  impossible  that 
eadi  of  these  should  be  united  directly  to  the  inner  wall  of  the 
cdL* 

INULINB. 

This  substance,  discovered  by  Rose  in  the  Inula  helenium, 
presents  certain  analogies  with  starch.  It  forms  the  greater 
part  of  the  solid  matter  of  the  tubers  of  the  Jerusalem  Artichoke 
and  Dahlia,  which  do  not  contain  starch.  Inuline  is  dissolved 
in  boiling  water ;  on  cooling  it  is  deposited  in  globules,  which, 
under  the  microscope,  appear  diaphanous,  adhering  to  one  another 
like  strings  of  beads ;  exposed  to  a  temperatiu^  of  367*^  Fahr.  it 
mdts  completely  and  acquires  new  properties,  becoming  soluble 
in  cold  water  and  in  alcohoL  Inuline  is  transformed  into  dex- 
trine and  sugar  by  the  mineral  acids ;  but  it  possesses  certain  pro- 
perties which  show  it  distinct  Srom  true  starch.  In  the  first  place, 
it  is  not  coloured  by  iodine ;  and  then  acetic  add,  which  is  without 
action  on  starch,  produces  with  inuline  precisely  the  same  effects 
as  the  sulphuric,  phosphoric  and  hydrochloric  adds  ;  finally, 
diastase,  whose  reaction  upon  starch  is  so  peculiar,  so  prompt 

*  Pkyen,  M^moires  cit^,  p.  183. 
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and  so  powerful,  does  not  cause  any  change  in  inuline.  It  is 
therefore  easy  to  separate  these  two  substances  when  they  are 
mingled,  by  treatii^  the  mixture  either  with  acetic  acid,  which 
dissolves  the  inuline,  or  with  diastase,  which  liquefies  the  starch. 
Inuline  has  been  analyzed  by  M.  Fkyen,  after  having  been  dried 
at  SSS"*  Fahr.  and  having  been  melted  at  367''  Fahr.  In  both 
cases  it  has  the  same  composition. 

Carbon  .  .  46.6 
Hydrogen  •  .6.1 
Oxygen       ,         .  49.3 


lOO.O 


The  composition  here  is  obviously  the  same  as  that  of  starch 
and  dextrine. 

OF   WOODT    MATTER   AND    CELLULAR   TISSUE. 

The  most  solid  part  of  plants,  that  which  forms  in  some 
sort  their  skeleton,  is  the  wood  in  trees,  the  woody  fibre  in 
herbaceous  plants.  Woody  fibre,  as  it  used  to  be  prepared  and 
considered,  viz. :  by  the  reaction  of  certain  agents  which  have 
the  property  of  dissolving  the  gummy,  resinous  and  saline  sub- 
stances which  are  commonly  associated  with  it,  consists,  in  fact, 
of  two  substances,  one  the  cellvdar  substance,  constituting  the 
tissue  of  wood  and  of  all  the  organs  of  plants,  the  other  the 
woody  substance,  properly  so  called,  filling,  and  in  some  sort 
consolidating  the  cdls.  This  distinction  between  these  two 
elements  of  wood  was  first  made  by  M.  Mohl ;  but  M.  Payen 
was  the  first  who  fixed  the  opinion  of  chemists  and  of  vegetable 
physiolo^ts  upon  the  true  nature  of  these  immediate  principles.* 
By  treating  the  vegetable  tissue  in  its  nascent  and  still  gelatinous 
state — the  unimpregnated  kernel  of  the  almond,  of  the  apricot 
tree,  &c.  the  membraneous  matter  of  the  cambium  of  the  cucum* 
her,  the  spongioles  of  radides,  leaves,  wood,  &c.,  with  different 
menstrua,  M.  Payen  obtained  the  cellular  tissue  in  the  state  of 
purity,  and  having  an  elementary  composition  almost  identical, 
fi'om  whatever  source  derived ;  a  fact  which  may  be  seen  firom 
the  following  table,  which  gives   the   composition  of  cellular 

*  Dumas,  Comptes  rendus,  vol.  viii.  p.  53. 
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tissue  from  different  soiirces  after  having  been  dried  at  352* 
Fahr. 


Carbon  Hydrogen 

Oxygen 

Oniles  of  the  almond  tree   • 

43.6 

6.1 

50.3 

,,      of  the  apple  and  pear 

44.7 

6.1 

49.2 

„      of  the  helianthus  annuus  .         • 

44.1 

6.2 

49.7 

Pith  of  the  elder         .         .         •        . 

43.4 

6.0 

50.6 

Cotton 

44.4 

6.1 

49.5 

Endive 

43.4 

6.1 

50.5 

Banana 

43.2 

6.5 

50.3 

Leaves  of  the  agave     .         .        •        « 

44.7 

6.4 

48.9 

Cotton  of  the  Virginian  poplar     . 

44.1 

e,5 

49.4 

Heart  of  oak 

44.5 

6.0 

49.5 

1  Pine  tree 

44.4 

7.0 

48.6 

Perisperm  of  the  phytelaphas 

44.1 

6.3 

49.6 

Mushroom 

44.5 

6.7 

48.8 

The  primary  tissue,  consequently,  which  constitutes  the  ske- 
leton of  wood  is  still  isomeric  or  identical  in  elementary  compo- 
sition with  starch.  With  mineral  acids  the  cellular  tissue  further 
undergoes  changes  which  assimilate  it  with  starch  ;  for  on  treat- 
ing it  with  sulphuric  acid  it  is  changed  into  dextrine  and  sugar. 

The  composition  of  the  cellular  tissue  differs  considerably 
from  that  of  the  woody  fibre  as  it  has  hitherto  been  obtained 
after  the  action  of  solvents,  and  been  examined  by  preceding 
chemists.  Pure  wood  or  woody  tissue  consists  of  the  following 
proportions  of  elements : 


I 


o 

t 

n 


Authorities. 


Woody  tissue  of  the  oak 
of  the  beech 


»» 


of  the  box 
of  the  wiUow 
of  the  oak 
of  the  beech 
of  the  aspen 
Wood  in  the  natural  state : 
of  the  oak 
of  the  beech 
of  the  herminiera 


99 


99 


99 


99 


»f 


99 


99 


*» 


41.8 
42.7 
44.4 
44.6 
49.7 
44.3 
44.5 
45.6 
39.4 
39  3 
46.9 


5.7 
5.8 
5.6 
5.6 
6.0 
6.0 
6.1 
6.4 
6.2 
6.3 
5.3 


52.5 

51.5 

50.0 

49.8 } 

44.3! 

49.7  j 

49.41 

48.0 

54.4 

54.4 

p.2 


Oay-Lussac  and  Th^ard. 


Prout. 


99 


99 


»• 


»» 


Payen. 


>9 


»* 


»• 


t* 


»t 


From  these  analyses  it  appears  that  wood  in  the  natural  state 
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contains  more  carbon  than  woody  tissue  obtained  in  the  way  of 
purification,  and  that  this  latter  substance  is  also  richer  in  carbon 
than  the  cellular  tissue  which  necessarily  forms  part  of  it.  In 
the  purified  woody  tissue,  therefore,  the  cellular  tissue  is  associ- 
ated with  the  principle  which  fills  its  cells,  or  which  encrusts  it, 
and  it  is  to  this  matter  that  M.  Payen  has  applied  the  name  of 
incrusting  matter;  it  is  wood  properly  so  called ;  it  is  that  which 
gives  to  wood  its  hardness,  its  tenacity ;  it  predominates  in  hard 
wood  and  in  knots ;  it  corresponds  with  the  duramen  of  physiolo- 
gists ;  it  constitutes  almost  the  whole  of  the  hard  particles  which 
are  met  with  in  woody  pears  and  in  cork,  and  which  are  hard 
enough  to  blunt  well  tempered  steel  instruments.  As  this  in- 
crusting  matter  is  fiiable  in  many  instances  it  may  be  pulverized 
and  separated  fi*om  the  tissue  which  surroxmds  it,  this  last  tear- 
ing or  yielding  in  shreds  under  the  pestle.  By  means  of  the 
sieve  the  incrusting  matter  may  in  this  simple  way  be  obtained 
nearly  in  a  state  of  purity.  The  analysis  of  M.  Payen  shows 
it  to  consist  of: 

Carbon      .  .       53.8 

Hydrogen  •         .         6.0 

Oxygen    .         .         •      40.2 


100.0 

Deducting  resinous  matters  susceptible  of  solution  in  alcohol 
or  ether,  and  of  gummy  and  other  substances  which  are  soluble 
in  water,  the  tissues  of  vegetables  must  consequently  possess  an 
elementary  composition  which  varies  between  that  of  the  cellular 
tissue  and  that  of  the  encrusting  matter ;  these  are  the  extreme 
terms,  and  the  entire  composition  of  the  mixed  tissues  will  be 
by  so  much  the  richer  in  carbon  as  they  contain  less  cellular 
tissue.  The  encrusting  matter  being  soluble  in  alkaline  lyes,  it 
was  by  treating  wood  with  solutions  of  soda  and  potash  that  M. 
Payen  succeeded  in  obtaining  the  cellular  tissue,  which  is  much 
less  susceptible  of  the  action  of  these  agents.  But  treatment  of 
different  kinds,  which  it  is  not  necessary  to  enter  upon  in  this 
place,  is  required  to  procure  the  substance  in  a  state  of  perfect 
purity.* 

*  For  an  account  of  these  see  Payen  in  proceedings  of  the  Academy  of 
Sciences,  vol.  vii.  p.  1055. 
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The  facts  which  have  just  been  exposed,  in  regard  to  the  che- 
mical composition  of  wood,  corroborate  the  observations  of  phy- 
siologists. We  now  understand  much  better  than  we  did  for- 
merly the  changes  which  the  cells  of  vegetables  experience  as 
they  grow  and  become  aged :  it  is  by  the  appearance  of  the 
encrusting  woody  matter  that  their  walls  thin,  transparent,  and 
colourless  at  first,  get  thick,  become  opaque,  and  acquire  con- 
sistence. By  means  of  the  dissections'  effected  by  M.  Payen 
with  the  aid  of  piu^ly  chemical  means,  we  may  obtain  assimmce 
that  the  tissues  of  all  vegetables,  whether  phoenogamous  or 
cryptogamous,  may  be  reduced  to  a  single  substance,  cellular 
tissue,  having  an  invariable  composition,  and  forming  the  vesicles 
or  bladders  of  the  cellular  mass  of  plants. 

This  matter  exists  nearly  in  an  isolated  state  in  the  thick  walls 
of  the  cells  of  the  perisperms  of  various  seeds,  those  of  the 
date  for  example.  From  the  microscopic  researches  of  M.  Payen 
and  A.  Brongniart,  it  appears  that  the  matter  which  is  added  to 
the  young  cells  is  not  deposited  upon  the  inner  surface  of  their 
waDs,  but  that  it  penetrates  and  insinuates  itself  into  their 
tissue.  The  relation  of  the  cellular  to  the  woody  matter  in  the 
development  of  the  walls  of  cells  varies  very  much,  some  peri- 
sperms containing  nothing  but  pure  cellular  tissue,  whilst  the 
stony  concretions  of  the  pear  and  of  cork  consist  almost  entirely 
of  encrusting  woody  matter. 

Wood,  in  the  general  acceptation  of  the  word,  is  the  solid 
part  of  the  trunk  and  branches ;  the  properties  and  aptitudes  of 
the  substance  vary  greatly,  according  to  the  plant  which  has  pro- 
duced it.  Wood  is  of  higher  density  than  water,  and  if  it  floats 
in  this  fluid  it  is  only  because  of  the  air  with  which  its  pore& 
are  filled.  Saw-dust,  chips,  and  larger  pieces  of  wood  sink 
when  the  air  which  they  contain  is  expelled  and  replaced  by 
water.  The  specific  gravity  of  the  white  woods,  such  as  those 
^  the  willow  and  pine,  is  about  1.46,  that  of  the  heaviest  woods 
such  as  those  of  the  oak  and  the  beech,  1.53. 
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DSKSITT   OF   DIFFSREITT    KINDS    OF   WOOD    ACCOBDINQ   TO    BRI880K. 


Pomegranate 

Ghiaiac,  Ebony 

Box     . 

Oak  of  60  years  oldy  the 

heart 
Medlar 
Olive    .        • 
Spanish  Mulberry . 
Beech  . 

Ash      .        .        . 
Hornbeam    • 
Yew  .        • 

Apple  • 
Plum  . 
Maple  • 
Cherry 


1.35 
1.33 
1.32 

1.17 
0.94 
0.92 
0  89 
0.85 
0.84 
0.80 
0.80 
0.79 
0.78 
0.75 
0.75 


Orange 

Quince 

Elm,  the  trunk 

Wahiut 

Pear     . 

Spanish  Cypress 

Lime    • 

Hazel  . 

Willow 

Thuya . 

Pine     . 

Spanish  white  Poplar 

Pme     .         • 

Poplar  • 

Cork    . 


0.70 
0.70 
0.67 
0.67 
0.66 
0.64 
0.60 
0.60 
0.58 
0.56 
0.55 
0.52 
0.49 
0.38 
0.24 


It  must  not  be  forgotten,  however,  that  age,  climate,  and  soil 
exert  a  marked  influence  upon  the  specific  gravity  of  the  same 
species  of  wood. 

Wood,  according  to  the  use  for  which  it  is  intended,  is  distin- 
guished into  fire-wood,  building  timber  and  dye  wood.  When 
first  cut  down,  all  timber  contains  a  considerable  quantity  of  water; 
100  parts  of  walnut-tree  dried  at  212°  Fahr.  lost  37.5  parts  by 
weight ;  of  white  oak,  41  parts ;  of  maple  48.  On  an  average, 
the  quantity  of  water  contained  in  green-wood  may  be  esti- 
mated at  about  40  per  cent.;  and  drying  or  seasoning  for 
eight  or  ten  months  will  not  cause  the  loss  of  more  than  about 
25  per  cent,  of  water.  The  wood  which  is  used  for  burning 
almost  always  contains  about  a  quarter  of  its  weight  of  moisture, 
which  not  only  does  not  assist  in  producing  heat,  but  actually 
dissipates  a  great  deal  during  its  conversion  into  vapour.  It  is, 
therefore,  highly  advantageous  in  all  operations  where  wood  is 
the  fuel,  only  to  employ  that  which  is  thoroughly  dry.  So  well 
is  this  fiBict  ascertained,  that  in  some  manufacturies  the  wood  is 
previously  dried  in  stoves  before  being  consumed  in  the  furnace. 

The  composition  of  woody  matter  may  be  represented  by 
carbon  and  water:  of  carbon  the  mean  may  be  stated  at  52, 
of  hydrogen  and  oxygen,  in  the  proportions  which  form  water,  at 
48.     The  definitive  products  of  its  combustion  ought  conse- 
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quently  to  be  carbonic  add  and  water.  The  heat  disengaged 
during  this  combustion,  necessarily  proceeds  from  the  imion  of 
the  combustible  elements  of  the  wood  with  the  oxygen  of  the 
atmosphere.  But  in  this  particular  case,  the  hydrogen  being 
already  presait  with  the  proportion  of  oxygen  required  for  its 
combustion,  it  may  be  regarded  as  already  burned,  the  state  of 
condensation  in  which  the  oxygen  exists,  being  considered. 
The  heat  produced  by  the  wood,  therefore,  depends  solely  on 
the  quantity  of  carbon  which  it  contains. 

Natural  philosophers  in  France,  agree  in  designating  as  unity 
in  reference  to  caloric,  the  quantity  of  heat  necessary  to  raise  a 
kilogramme,  or  2.2lbs.  avoirdupois  of  water,  one  degree  of  the 
centigrade  thermometer,  (l°.8  F.)  The  following  table,  by 
Rumford,  is  intended  to  shew  the  different  calorific  or  heating 
powers  of  different  kinds  of  wood,  and  its  interpretation  is  this : 
since  1  kilogramme  or  2.2lbs.  avoird.  of  lime-tree  gave  out 
3460  units  of  heat,  it  follows  that  this  quantity  of  the  com- 
bustible would  suffice  to  raise  by  1  degree  centigrade,  (1®.8  F.), 
for  example,  from  lO"*  to  ll"*  cent.  3460  kilogrammes,  or 
7612lbs.  avoirdupois  of  water. 


Kinds  of  wood. 


lime-tree  dry     .... 
The  same  thoroughly  stove  dried  • 
Beech  dry,  four  years  seasoned     . 
The  same  well  dried  in  a  stove 
Elm,  from  four  to  five  years  seasoned 
Oak,  fire-wood  .... 
Ash,  dry    ..... 
Wild  cherry        .... 
Fir,  dry      ..... 
The  same  well  dried  in  a  stove 
Poplar,  seasoned 
The  same  well  dried  in  a  stove 
Homheam  ..... 
Oak,  dry 


UntUofheat 
erolTed. 


3460 
3960 
3375 
3630 
3037 
3550 
3075 
3375 
3037 
3750 
3450 
3712 
3187 
3300 


From  the  experiments  of  Clement,  it  appears  that  the  heating 
power  of  charcoal  is  equal  to  7050  units.  Dry  wood  con- 
taimngi  as  we  have  seen,  52  per  cent,  of  charcoal,  its  heating 
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power  has  been  deduced  theoretically,  as  equal  to  3666.  Mr. 
Marcus  Bull  in  America,  made  a  series  of  experiments  to  de- 
termine the  relative  quantities  of  heat  given  out  by  different 
kinds  of  wood,  firom  which  M.  Peclet  has  been  led  to  conclude 
that  the  same  weight  of  dry  wood  of  every  kind  has  the  same 
heating  power,  and  that  this  for  a  kilogramme,  or  2.2lbs. 
avoird.  of  wood  dried  by  artificial  means,  is  equal  to  3500  units, 
whilst  the  same  quantity  of  the  same  wood  having  been  cut  and 
seasoned  during  from  ten  to  twelve  months,  and  containing  from 
20  to  25  per  cent,  of  water,  is  no  higher  than  about  260 
units. 

By  way  of  comparison  I  shall  here  add  the  heating  power  of 
the  several  combustibles  in  general  use,  in  contrast  with  that  of 
wood: 

I  kilogrm.  or  2.21b8.  avoird.  of  wood-charcoal  produces  7226  units  of  heat 

coal  6000  „ 

»t  tt  peat  3005  •» 

o  »•  peat  charcoal  6400  », 

Although  the  same  quantities  of  wood,  brought  to  the  same 
d^ee  of  dryness,  appear  to  have  the  same  absolute  calorific 
power,  all  are  not  alike  adapted  to  the  same  purposes.  Hard 
woods  bum  slowly,  and  give  out  less  heat  in  a  certain  time  than 
the  less  compact  kinds  of  wood.  This  is  the  reason  Why  fir  is 
preferred  to  oak  in  fiimaces  where  the  object  is  to  obtain  the 
most  intense  heats.  It  were  foreign  to  oiu-  object  to  enter  upon 
any  consideration  of  the  various  qualities,  or  of  the  adaptation 
to  particular  uses  of  different  species  of  timber.  I  may,  how- 
ever, add  a  table  of  the  ordinary  dimensions  of  well-grown  trees 
of  different  kinds,  such  as  are  commonly  found  in  these  coun- 
tries: 
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TNet. 


yiual  height  of 
Trunk. 


i 


The  spruce  fir 

Larch     •         .         .        . 

Poplar   •         .         .         • 

Fine       .         .         •         . 

Plane     .... 

Oak,  Elm 

Birch     .... 

Beech    .         .         .         . 

lime     •         •         .         . 

Ash       ...         . 

wmow. 

Chesnut  ... 
Cheannt  (another  variety) 
Maple  .... 
Service  .... 
Acacia  .... 
H(»nbeam 
Mulberry 
WndPear 

GnO) 

Walnut. 


Feet. 


26    to    100 


19     „ 

16    „ 


65 
65 


16 


>» 


48 


:} 


13  .. 

lb  .. 

13  .. 
13 


I 


10 


>» 


•» 


» 


»f 


48 

48 
39 
26 

23 

20 
16 


Usual 
Diameter. 


Inches. 

47.1 

39.3 

31.8 

34.1 

36.1 

31.4 

29.4 

28.2 

25.9 

23.5 

11.7 

36.1 

28.2 

28.2 

17.6 

19.2 

21.2 

16.5 

14.1 

12.9 

36.1 


These  may  be  taken  as  the  measurement  of  trees  at  their  fiill 
growth,  and  fit  for  felling.  The  soil  being  of  the  same  quality, 
the  dimensions  of  trees  depend  especially  upon  their  age ;  indi- 
vidual trees  of  the  same  species,  however,  occasionally  acquire 
otniordinary  dimensions. 

Every  one  must  have  noticed  the  rapidity  with  which  young  trees 
grow;  but  is  the  growth  the  same  for  every  period  of  the  exist- 
ence of  trees,  or  do  they  attain  a  certain  determinate  size  like 
animals,  and  then  cease  from  further  increase  ?  We  have  found 
that  in  those  climates  where  vegetation  is  suspended  for  a  por- 
tion of  the  year,  the  increase  in  the  diameter  of  trees  takes  place 
periodically  by  the  addition  of  a  concentric  layer  of  woody 
tissue ;  so  that  it  is  possible  to  determine  the  age  of  a  dicotyle- 
donous tree  by  the  number  of  its  concentric  rings,  counted  at 
the  bottom  of  the  trunk.  With  a  view  to  ascertain  the  amount 
of  increase  in  the  woody  layers  at  different  periods  of  vegetable 
life,  De  Candolle  measured  their  thickness,  and  found  that  if  the 
annual  increase  presented  a  certain  r^ularity,  it  was  still  very  far 
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from  being  absolute  even  in  the  case  of  a  single  species.  The 
oak  especially  offered  striking  anomalies ;  thus  a  trunk  which  had 
grown  slowly  in  diameter  was  found  to  have  increased  more 
rapidly  as  it  got  older.  He  found  young  trees  of  the  same 
species,  the  growth  of  which,  very  slow  at  first,  by  and  bye 
became  accelerated,  and  then  fell  off  in  a  third  period  of  their 
existence.  From  the  whole  of  his  observations,  De  CandoUe 
concludes  that  the  growth  of  our  common  European  trees  having 
gone  on  with  a  certain  rapidity  to  the  age  of  from  about  fifty 
to  seventy  years,  then  became  slower,  but  continued  regular  to 
extreme  age.  The  inequalities  of  growth,  conspicuous  in  the 
different  thicknesses  of  different  rings,  he  thinks  are  mainly  due 
to  the  kind  of  soil  which  the  mass  of  the  roots  encountered  in 
their  progress,  or  to  the  removal  of  other  trees  which  grew  in 
the  vicinity.  The  diminished  thickness  of  the  rings,  after  trees 
have  passed  a  certain  age,  he  ascribes  to  the  depth  to  which  the 
roots  have  now  penetrated,  and  their  consequent  remoteness  fix)m 
the  air ;  and  ferther,  to  the  resistance  opposed  to  the  expansion 
of  the  trunk  by  the  bark  which  has  now  become  thick,  hard  and 
unyielding.  Mr.  Knight  found  that  old  pear  trees,  relieved  of 
their  outer  bark,  formed  more  wood  in  a  couple  of  summers 
aftierwards,  than  they  had  made  in  the  twenty  years  that  preceded 
the  operation.* 

The  forests  of  intertropical  coimtries  produce  a  vast  number 
of  gigantic  trees,  many  of  which  might  doubtless  be  turned  to 
excellent  use ;  but  the  information  we  have  on  the  trees  of  these 
latitudes  is  very  imperfect.  In  New- Granada,  the  wood  which 
is  known  under  the  name  of  wood  of  St.  Martha  {cLStroneum 
graveolens  ?)  is  frequently  employed  for  building  purposes  as  well 
as  for  making  fiuniture.  It  is  very  hard  and  more  beautiful  than 
mahogany,  its  colour  being  deeper.  M.  Goudot  measured  a  tree 
of  this  kind,  which  was  1.6  metre  or  nearly  41  feet  in  diameter, 
including  the  alburnum  and  had  32  centimetres  or  upwards  of  18 
inches  of  heart  wood.  Belfiies  having  supports  of  this  wood 
are  met  with,  which  have  stood  for  more  than  a  century  exposed 
to  all  the  inclemencies  of  the  weather.  This  tree  grows  in  the 
diy  soils  of  the  hottest  regions  of  South  America  and  seldom  at 

*  De  Candolle,  Vegetable  Physiology,  p.  975. 
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an  elevation  of  more  than  about  fifteen  hundred  feet  above  the 
level  of  the  sea. 

Cedar  {cedrela  odorata)  is  never  attacked  by  insects,  doubtless 
because  of  its  aromatic  odour ;  this  valuable  property  makes  it 
invaluable  as  building  timber.  The  tree  attains  to  large 
dimensions.  M.  Goudot  measured  one  in  the  forest  of  Quindiu 
in  South  America,  which  was  upwards  of  150  feet  in  height  by 
more  than  6^  feet  in  diameter.  It  grows  freely  through  a  zone 
of  considerable  breadth,  fi'om  a  height  of  about  3280  to  6560 
feet  above  the  level  of  the  sea,  a  circumstance  which,  according 
to  my  own  observations,  wovdd  indicate  the  extreme  temperature 
of  the  district  which  it  inhabits  to  be  between  66°  and  76"*  Fahr. 

There  are  several  other  beautiful  and  usefiil  timber  trees  of 
the  Cordilleras — ^the  Nogal  (juglans . . .?)  which  grows  between 
6500  and  9800  feet  above  the  sea  line;  the  escobo,  the  jnno 
(taxus  montana  Willd,)  whose  region  lies  between  the  2.800  and 
11.400  feet  of  elevation;  the  arayan  and  the  guayaca% — all 
are  serviceable  in  one  direction  or  another.  The  caracoli  {ana^ 
cardium  caracoli)  and  the  fig  (Ignerones)  are  trees  which 
attain  to  extraordinary  sizes,  and  afford  light  woods  that  prove 
useful  in  various  circumstances.  Under  the  tropics,  indeed,  the 
trees  generally  exhibit  a  luxuriance  of  vegetation  which  strikes 
European  travellers  with  amazement ;  M.  Goudot,  for  example, 
measured  a  bombax  (B.  pentandrum)  no  more  than  sixty  years 
old,  the  trunk  of  which  was  8  metres  or  26^  feet  in  circum- 
ference, and  whose  boughs  covered  a  circular  area  of  39  metres 
or  1 20  feet  in  diameter. 

There  is  a  beautiful  tree  which  grows  in  the  valleys  of  Arragua 
m  Venezuela,  the  Zamang,  a  species  of  mimosa,  according  to 
Humboldt,  one  of  which,  in  particular,  is  greatly  celebrated,  and 
under  the  shade  of  which  1  rested  on  the  24th  of  January,  1823. 
This  magnificent  tree  is  to  be  distinguished  at  the  distance  of  a 
league;  its  branches  form  a  hemispherical  crown,  of  187  metres 
or  6 1 3  feet  in  circumference,  extending  like  a  vast  umbrella, 
the  points  approaching  to  within  fi-om  10  to  16  or  18  feet  of 
the  ground.  The  trunk  of  this  extraordinary  tree  is  nearly  65 
feet  in  height  and  upwards  of  9f  feet  in  diameter.  This  tree  is 
an  object  of  veneration  with  the  Indians.     It  does  not  seem  to 
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have  altered  in  its  appearance  since  it  was  first  particularly  noticed ; 
the  earliest  conquerors  of  Venezuela,  seem  to  have  met  with  it 
in  the  same  state  as  it  is  at  the  present  time.  When  Humboldt 
measured  the  Zamang  de  Turmero,  its  branches  on  one  side  were 
entirely  stripped  of  their  leaves.  Twenty  years  afterwards  I 
found  it  green  in  every  part ;  but  the  leaves  and  branches  with 
the  southern  aspect  were  not  so  numerous  nor  so  vigorous  as  the 
others. 

The  dragon  tree  of  Orotava  in  the  Island  of  Teneriffe  is  one 
of  the  oldest  vegetable  monuments  of  the  present  world.  Hum- 
boldt gives  it  a  diameter  of  1 7  feet,  and  its  height,  as  stated  by 
M.  Ledru,  is  upwards  of  65  feet.  When  Teneriffe  was  discovered 
in  1402,  this  tree  appears  to  have  had  the  same  dimensions 
which  it  presents  at  the  present  time. 

The  mahogany  {cedrela  mahogani)  is  a  very  long-lived 
tree.  In  Jamaica  it  sometimes  acquires  a  diameter  of  upwards 
of  6  feet,  and  Sir  W.  J.  Hooker  has  calculated  that  two  centuries 
at  least  are  required  to  supply  timber  of  the  large  scantling 
which  we  constantly  see  in  the  yards  of  our  timber  merchants 
and  cabinet-makers. 

The  Hymerusa  courbaril  one  of  the  largest  trees  of  the 
Antilles  yidds,  like  mahogany,  a  timber  that  is  hard  and  in  great 
request  among  cabinet-makers  and  inlayers.  It  sometimes 
grows  to  1 9  feet  in  diameter. 

The  Baobab  {Adansonia  digitata)  lives  for  centuries,  and 
acquires  extraordinary  dimensions.  Adanson  saw  one  in  the 
Cape  de  Verdes,  in  the  trunk  of  which  an  inscription  was  found, 
which  was  covered  by  three  hundred  layers  of  wood ;  it  had 
been  cut  by  two  English  travellers  three  centuries  before.  From 
positive  observations  collected  by  Adanson,  a  table  has  been 
constructed  to  show  the  progress  and  probable  age  of  the  baobab : 


Age  of  the  Baobab. 

Plameter  of  the  Trunk. 

Height. 

1 

year. 

0.10  feet. 

5.25  feet 

20 

1.04 

16.40 

30 

2.41 

23.30 

100 

9.84 

30.84 

1000 

14.76 

61.68 

2400 

19.03 

68.24 

5150 

31.99 

76.76 
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De  CandoUe  has  remarked  that  this  longevity  of  the  baobab 
is  made  the  more  surprising  by  the  softness  and  liability  of  its 
wood  to  decay.  But  again,  it  must  be  considered  that  the  great 
diameter  of  the  trunk,  in  relation  to  the  height,  gives  the  tree  a 
stability  which  is  possessed  by  no  other — ^by  enabling  it  to  resist 
violent  gales  of  wind. 

It  strikes  me  that  there  may  very  well  be  some  mistake  in 
Adanson's  estimates  of  the  age  of  the  baobab.  When  we 
see  such  irr^ularity  in  the  growth  of  trees  of  the  same  species 
planted  in  the  same  soil,  little  reliance  can  be  placed  on  any  de- 
ductions drawn  from  the  size  of  the  trunk  when  the  concentric 
rings  cannot  be  counted.  In  proof  of  this  I  here  give  the  mea- 
surements of  two  baobabs  planted  in  1821  in  the  Botanical 
Garden  of  French  Guiana.     In  1842  these  trees  were  foimd: 

feet.  feet. 

No.  1.  Length  of  stem  from  Diameter  of  the  base      .  5.41 

ground  to  first  branches    .  7.70  Do.  at  origin  of  branches  4.23 

ISJrk  o     n/>  a  Qc  Diameter  of  base     .       .  2.63 

xvo.  ^.   uo.        .        .         .  ».Jb  p^  ^^  ^^^  ^^  branches  1.48 

In  the  tree  No.  2  the  branches  were  puny  and  nowise  in  re- 
lation with  the  size  of  the  trunk. 

TTie  bald  cypress  {taxodium  distichum)  is  a  tree  that  is  very 
abundant  in  Mexico,  and  in  the  southern  parts  of  the  United 
States.  At  Chapultepec  there  is  one  of  these  trees  called  the 
caress  of  Montezuma,  which  tradition  says  flourished  in  the 
reign  of  that  Prince.  In  1831  the  tree  was  still  vigorous,  and 
its  trunk  was  4 1  feet  in  circumference.  There  is  another  cypress 
near  Oaxaca,  under  the  shade  of  which  Fernando  Cortez  is  still 
reported  to  have  rested ;  the  trunk  of  this  tree  is  upwards  of  39 
feet  in  circumference,  and  it  is  105  feet  in  height.  Michaux 
measured  several  taxodiums  in  the  Floridas  which  approached 
these  two  in  their  dimensions. 

We   have   only   uncertain  data  in  regard  to  the  age  which 

palms  may  attain  to  ;  their  sizes,  however,  are  well  known.     In 

Egypt,  according  to  M.  Delille,  the  date-trees  are  generally  about 

65  feet  in  height.     In  the  Andes  of  Quindiu  several  ceroxylons 

were  measured,  the  trunks  of  which  werefirom  195  to  230  feet 
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in  height  1  Martius  assigns  the  following  as  the  extreme  di- 
mensions of  the  palms  of  the  Brazils :  from  75  to  1 27  or  1 28 
feet  in  height,  by  a  diameter  of  from  6  to  about  1 2^  inches. 

Among  several  palms  {arica  oleacera)  planted  in  the  Bota- 
nical Garden  of  Cay^ine  in  1821,  the  tallest  twenty  years  after- 
wards was  48  feet  from  the  ground  to  the  bottom  of  the  crown, 
and  3  feet  6^  inches  in  circumference  at  the  base ;  at  6|*  feet  from 
the  surface  of  the  ground  the  circumference  was  only  2  feet  1  inch, 
and  a  small  fraction.  As  the  palms  and  baobabs  will  be  carefully 
protected  in  the  Botanical  Garden  of  Cayenne,  an  oppiurtunity 
will  be  afforded  future  observers  of  following  these  plants  in 
their  growth  with  a  perfect  assurance  of  bdng  correct  as  to  their 
age. 

Particular  trees  of  different  kinds  have  occasionally  acquired 
remarkable  dimensions  and  lived  to  great  ages  in  Europe.  An 
elm  is  mentioned  which  grew  on  the  promenade  of  Merges,  the 
age  of  which,  reckoned  from  the  number  of  concentric  layers, 
must  have  been  three  hundred  and  thirty-five  years ;  its  trunk 
was  above  1 8  feet  in  diameter.  The  lime  is  another  tree  which 
in  temperate  coimtries  sometimes  grows  to  a  great  size.  The  one 
planted  at  Freiburg  to  commemorate  the  victory  of  Morat  in 
1476,  in  1831  was  14^  feet  in  diameter.  Near  the  same  place 
there  is  another  tree  of  the  same  kind  which  must  be  older  than 
the  last,  in  as  much  as  it  was  already  celebrated  for  its  size  a 
century  ago ;  in  1831  this  tree  was  upwards  of  36  feet  in  cir- 
cumference, and  about  72  feet  in  height.  The  lime  tree  of 
Neustadt  is  scarcely  less  curious  for  its  size  and  the  immense 
spread  of  its  branches  than  for  the  historical  circumstances  con- 
nected with  it.  Looking  back  to  old  documents,  this  tree  must 
already  have  been  of  great  size  in  1 229 ;  in  a  poem  written  in 
1408  we  are  told  that  this  tree  was  then  supported  by  sixty-sevtai 
props;  in  1654  it  had  eighty-two  stone  pillars  to  support  its 
branches,  and  in  1831  the  number  had  increased  to  one  hundred 
and  six.  The  circumference  of  the  trunk  at  6^  feet  from  the 
ground  measured  very  nearly  39  feet.  An  old  measurement 
made   one  hundred    and   fifty  years  before   corresponds  very 
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nearly  wifh  (lus,  a  fact  which  shows  that  in  the  course  of  a  cen- 
tury and  a  half  the  trunk  of  the  lime  tree  of  Neustadt  had  not 
grown  perceptibly.  It  is  said  to  be  from  seven  to  eight  hundred 
years  old.  The  old  lime  tree  of  Chaill^  in  1 80 1  was  upwards 
of  49  feet  in  circumference. 

The  beech  grows  rapidly  whilst  young;  but  in  more  advanced 
age  with  extreme  slowness.  In  1818  Deluc  saw  several  beeches 
near  Geneva,  the  trunk  of  which  was  from  14  to  1 6  feet  in  dia- 
meter. 

De  CandoUe  measured  a  larch  two  hundred  and  fifty-five  years 
old  tiie  trunk  of  which  was  upwards  of  5|  feet  (5.84ft.)  in  dia- 
meter ;  and  a  larch  of  no  more  than  fifty-four  years  growth  has 
been  measured  which  was  more  than  3|  feet  in  diameter. 

The  celebrated  chesnut  tree  of  Mount  Etna  has  been  stated 
to  be  upwards  of  206|^  feet  in  girth,  (about  68  feet  in  diameter) 
and  must  therefore  be  the  largest  tree  described  up  to  the  pre- 
set time;  but  the  tree  has  been  supposed  to  be  formed  by 
several  trunks  springing  from  a  common  root  which  have  grown 
together.     Other  remarkable  chesnut  trees  are  mentioned. 

The  plane  is  one  of  the  largest  growing  trees  of  temperate 
ooimtries.  A  traveller  who  visited  the  valley  of  Bujukdere,  near 
CSoDStantinople,  met  with  a  plane  upwards  of  95  feet  in  height, 
and  the  trunk  of  which,  hollow  internally  down  to  the  level  of 
the  groimd,  was  more  than  154  feet  in  circumference.  A  plane 
tree  which  grew  in  Norfolk  and  was  of  the  age  of  thirty-one 
years,  was  7f  feet  in  circumference  accc»ding  to  Hunter.  Cy- 
press trees  often  attain  to  a  very  great  age.  In  the  garden  of 
the  palace  of  Grenada  there  is  one  which  has  stood  for  more 
than  three  centuries.  At  La  Somma,  near  Milan,  a  cypress  is 
shown  which  in  1794  was  17  feet  in  circumference.* 

Tradition  has  it  that  an  orange  tree  of  the  convent  of  St. 
Sabma  at  Rome,  was  planted  by  St.  Dominic  in  the  year  1 200 ; 
this  tree  still  exists.  The  orange  tree  of  V^'sailles,  known 
under  the  name  of  the  Francis  I.  is  rather  more  than  three  him- 
dred  years  old.  In  1 804  orange-trees  were  shown  in  the  green- 
bouses  of  Bonn  three  centuries  old,  and  of  which  the  trunks 

*  De  Candolle,  Physiologie,  p.  994. 
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were  more  than  30  inches  in  circumference.*  In  South  America 
I  had  myself  occasion  to  observe  citron  trees  of  great  age  and 
of  very  considerable  dimensions ;  the  trunks  of  several  of  these 
trees  were  nearly  27^  inches  in  diameter. 

A  sycamore  tree  of  the  village  of  Trons,  in  the  Grisons,  more 
than  five  hundred  years  old,  is  at  this  time  between  8  and  9 
feet  in  diameter. 

Many  oaks  have  been  described  which  had  survived  from 
eight  hundred  to  one  thousand  years.  Hunter  saw  one  of  these 
trees  still  extremely  vigorous  which  was  11^  feet  in  diameter. 
Evelyn,  who  in  his  delightful  work  entitled  Sylva  has  given  a 
list  of  the  largest  oaks  known  in  his  day  in  England,  speaks  of 
one  growing  in  Welbeck  Lane  which  must  have  been  eight  him- 
dred  and  sixty  years  old  at  least,  and  the  diameter  of  whose 
trunk  at  the  base  was  upwards  of  1 2f  feet. 

The  olive  is  one  of  the  trees  that  reaches  a  great  age;  Picconi 
describes  one  of  about  seven  centuries,  and  a  circumference  of 
about  25  feet. 

The  cedar  of  Lebanon  grows  vigorously  and  long,  especially 
in  soils  that  are  sufficiently  loose  and  permeable.  According  to 
M.  Paul  Vibray  of  Sologne,  the  growth  of  this  tree  is  more 
rapid  than  that  of  the  coniferi  in  general.  The  cedars  which 
grew  on  Mount  Lebanon,  and  were  measured  by  NauwoMF  in 
1574,  and  again  by  Labillardi^re  in  1787,  are  generally  allowed 
to  be  about  the  age  of  one  thousand  years.  De  Candolle,  how- 
ever, thinks  that  this  age  is  exaggerated,  and  in  contradiction 
with  observations  made  on  trees  the  age  of  which  is  positively 
Jtnown.  The  following  are  a  few  of  the  measurements  which 
have  been  reported  by  different  observers : 


Ag«. 

tttt  drcumfcrenct. 

ObMffTcn. 

Cedar  of  Chelsea     ...     83 

12 

„      of  Paris  .     .     .     •     40 

7 

Thouin. 

„     of  ditto    ....     83 

9.4 

Loiseleur. 

„     Environs  of  London  200 

16 

Hunter. 

„     Ditto       ....  113 

14 

Ditto. 

,,     of  Mount  Lebanon    600 

36.4 

Maundrel. 

„     of   Sologne   ...     30 

5 

of  Vibray. 

The  yew,  as  is  well  known,  produces  a  very  hard,  dose,  and 

*  De  Candolle,  Physiologic,  p.  999. 


Circumference. 

Observers, 

28.25 

Pennant 

13.85 

Ditto. 

30.12 

Evelyn. 

62.34 

Pennant 

62.60 

Evelyn. 
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enduring  wood,  qualities  which  contribute  greatly  to  the  longevity 
of  trees.  Some  of  the  oldest  trees  known  have  been  yews.  Here 
are  a  few  that  have  been  particularly  described : 

Where  thej  grow  Probable  age. 

County  of  York     .     .     .  1220 

Ditto 1220 

County  of  Surrey .     .     .  1287 

Fortheringal  (Scotland)  .  2580 

County  of  Kent    .     .     .  2800 

According  to  Duhamel  it  is  extremely  difficult  to  fix  upon 
any  age  as  the  best  in  a  general  way  for  felling  trees,  with  a 
view  to  obtaining  the  largest  quantity  of  sound  available  timber. 
When  the  tree  is  too  young,  the  timber  has  not  all  the  excellence 
which  it  would  have  gained  with  greater  age ;  when  too  old,  the 
pores  are  obstructed,  and  it  has  begun  to  decay  in  the  parts 
g[  oldest  formation,  so  that  it  is  not  uncommon  to  find  wood  in 
the  centre  of  the  trunk  which  is  lighter  than  that  of  the  circum- 
ference.    In  trees  which  have  already  fallen  into  a  certain  state 
of  decay,  the  worst  timber  in  them  is  decidedly  that  which  is 
taken  from  the  centre  at  the  base  of  the  trunk ;  and,  indeed, 
the  wood  of  the  centre  generally  is  then  of  inferior  quality  to 
that  of   more  recent  formation.      Very   aged   timber    always 
perishes  first  in  those  parts  which  have  formed  the  most  internal 
layers  of  the  tree.     It  is,  therefore,  an  obvious  and  grave  error 
to  suffer  any  tree  to  stand  that  has  given  the  slightest  indica- 
tions of  decay,  in  as  much  as  that  which  is  ordinarily  the  most 
valuable  timber  is  likely  to  be  altogether  lost.     Neither  the  age 
nor  the  dimensions  are  always  the  indications  of  the  proper 
period  for  felling  trees ;  exposing,  soil,  situation,  have  immense 
influence  upon  their  growth,  vigour,  and  general  qualities.  Trees 
ought  to  be  cut  just  when  they  are  on  the  turn ;    the  proper 
moment  is  that  which  precedes  immediately  the  alteration  of  the 
heart ;  and  although  the  destructive  effects  of  age  are  princi- 
pally fdt  in  the  interior,  this  intestine  disorder  is  nevertheless 
proclaimed  externally ;  the  whole  tree  suffers  when  it  has  taken 
place.* 

*  Duhamel,  Exploit,  des  boLs,  t.  i.  p.  126. 
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Duhamel  has  given  the  following  characters,  as  indicating 
incipient  decay,  or  decline  of  vigour  in  trees  :* 

1 .  A  tree»  the  top  of  which  forms  one  uniform  rounded  mass 
is  not  strong;  a  vigorous  tree  always  throws  out  certain 
branches  which  surpass  the  others  in  luxuriance  of  growth. 

2.  When  a  tree  comes  into  leaf  prematurely  in  the  i^ring, 
and  particularly  when  the  leaves  turn,  and  fall  prematurely  in 
the  autumn,  it  is  a  certain  sign  of  weakness. 

3.  When  several  of  the  top  or  leading  branches  of  a  tree  die, 
even  at  their  mere  extremities,  the  wood  in  the  centre  is  be- 
ginning to  undergo  alteration. 

4.  When  the  bark  quits  the  trunk,  or  becomes  cracked  here 
and  there,  we  may  be  satisfied  that  the  tree  is  far  gcme  in- 
ternally. 

5.  Mosses,  lichens,  and  funguses  growing  upon  the  bark,  and 
red  or  black  spots  appearing  upon  it,  always  lead  to  a  suspidon 
of  change  in  the  wood. 

6.  When  the  sap  is  observed  to  flow  from  crevices  in  the 
bark,  the  death  of  the  tree  is  at  hand. 

In  France,  the  cutting  down  of  the  smaller  wood,  sudi  as  is 
used  for  firing,  takes  place  at  from  twenty  to  thirty  years;  in  tiie 
forests,  the  trees  are  commonly  felled  at  from  one  hundred  to 
one  hundred  and  thirty  years  old,  and  a  few  trees  are  generally 
left  as  reserves,  and  for  special  purposes,  till  they  have  attained 
the  age  of  from  two  hundred  to  two  hundred  and  fifty  years. 

The  prevalent  opinion  among  foresters,  with  regard  to  the 
proper  season  for  felling  is,  that  it  should  be  done  when  the  sap 
is  in  the  state  of  greatest  repose,  or  when  it  is  present  in  lea^ 
quantity  in  the  trees.  The  season  fixed  by  the  old  law  of 
France,  (1669),  was  from  October  to  March  inclusive.  But 
the  experiments  of  Duhamel  tend  to  show  that  this  is  not 
actually  the  season  when  trees  contain  the  smallest  proportion  of 
sap,  and  that  fellings  made  at  other  times  of  the  year  have  had 
very  satisfactory  results.  All  things  well  weighed,  says  the 
illustrious  cultivator,  our  only  safe  guide  in  such  matters  is 
observation ;  and  from  numerous  experiments  he  concluded  that 

*  Duhamel,  Exploit,  des  bois,  t.  i.  p.  133. 
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ibi&re  was  actually  as  much  sap  in  trees  in  winter  as  in  summer, 
and  that  the  spring  and  summer  were  the  seasons  most  favour- 
able for  the  speedy  drying  of  the  timber.  Trees  felled  in 
summer,  were  eren  found  by  Duhamel  to  yield  timber  which 
stood  better,  and  lasted  longer  than  thase  that  were  cut  down  in 
winter;  while  he  found  the  wood  of  equal  strength  in  either 
case.  He  oonduded,  therefore,  that  the  season  of  the  year  at 
which  timber  was  fdled,  had  no  influence  upon  its  quality  or 
durability.* 

There  is,  in  fact,  no  general  rule  observed  in  different  coun- 
tries as  to  the  period  at  which  timber  is  felled.  The  French 
still  go  on  cutting  from  October  to  March ;  the  English  feU  in 
the  winter.  Convenience  of  different  descriptions  appears  often 
to  decide  the  question  as  to  season.  In  order  to  procure  bark 
for  the  tanneries,  an  act  was  passed  by  the  English  Parliament 
in  1 603,  prohibiting  all  felling  of  oak  timber  during  the  dead 
season,  the  penalty  for  infringement  of  the  act  being  confiscation 
of  the  timber  felled,  or  fine  to  the  amount  of  twice  its  value. 
An  exception,  however,  was  still  made  in  regard  to  timber 
destined  for  the  public  service  in  ship  building,  &c.  The  price 
of  bark  afterwards  rose  to  such  a  height,  that  it  was  found  most 
profitable  to  cut  in  the  spring ;  and  the  practice  then  became  so 
general,  that  it  by  and  by  became  necessary  to  offer  premiums 
to  induce  proprietors  of  oak  forests  to  fell  timber  in  the  winter 
season,  for  the  sake  of  the  British  navy.  The  inhabitants  of  the 
county  of  Stafford  appear  at  a  somewhat  early  period  to  have 
iou^t  to  combine  the  advantages  of  the  bark  trade,  with  a 
fiilfflment  of  the  conditions  that  entitled  them  to  the  premium 
on  winter-felled  timber :  they  stripped  the  trees  of  their  bark  in 
the  spring,  and  felled  them  the  following  winter.  And  Buffon 
and  Duhamel  showed  subsequently,  that  by  barking  trees  two 
or  even  three  years  before  cutting  them  down,  the  white  external 
wood  could  be  rendered  nearly  as  hard  and  durable  as  the  heart 
wood  of  the  tree.  The  recommendation  of  this  procedure  by 
these  two  distinguished  men  has  not  been  followed  in  France ; 
but  ever  since  1770  the  Dutch  have  adopted  it,  and  it  is  now 

*  Duliamel,  op.  cit.  1. 1.  p.  400. 
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practiced  in  many  parts  of  England,  particularly  in  the  royal 
forests. 

It  is  quite  certain  that  the  nature  of  the  soil  exerts  a  consider- 
ahle  influence  on  the  rapidity  of  growth,  and  quality  of  the 
timber.  The  oak,  the  elm,  &c.,  which  have  been  grown  in  a 
damp  soil  will  not  be  so  hard  and  compact  as  the  same  trees 
reared  on  a  dry  plot.  Duhamel  found,  that  although  the  trees 
which  came  in  swampy  bottoms  were  very  sappy  and  wet,  they 
were  still  lighter  than  others  of  the  same  kind  which  had  grown 
on  a  dry  bank.  Their  white  wood  is  thick  in  comparison  with 
their  h^rd  wood ;  they  are  brittle,  and  do  not  readily  take,  cm: 
keep  the  shapes  into  which  they  are  bent  for  ship-building  or  for 
staves;  and  then  their  pores  being  large  and  open,  and  the 
whole  wood  being  without  that  kind  of  varnish  which  impreg- 
nates good  timber,  they  are  readily  permeable  and  unfit  for  the 
manu&cture  of  vats,  &c. — to  say  nothing  of  their  being  much 
more  perishable.  Such  soft  and  porous  timber  is  altogether  im- 
proper for  out  of  door  constructions  and  for  ship-building ;  but 
it  answers  extremely  well  for  indoors  and  cabinet  work ;  for  the 
latter  it  has  even  certain  advantages,  it  is  easily  wrought ;  and 
once  fairly  seasoned,  it  is  neither  so  apt  to  warp  nor  to  crack  as 
harder  wood.  It  was  very  probably  to  guard  against  any  excess 
of  sap  in  trees,  so  prejudicial  in  a  general  way  to  the  timber  they 
yield,  that  the  Romans,  according  to  Vitruvius,  surrounded  those 
that  were  destined  to  be  cut  down  with  a  trench  six  months 
before  hand.* 

Trees  which  have  grown  in  a  good  soil  sufliciently  drained 
have  a  fine  bark,  and  their  white  wood  is  moderate  or  small  in 
quantity.  Their  woody  layers,  indeed,  are  apt  to  be  thinner 
generally,  than  those  of  trees  that  have  grown  in  a  wet  soil ;  but 
they  are  much  harder,  and  tougher,  their  grain  is  more  even  and 
dose,  and  their  pores  are  filled  with  an  encrusting  matter. 
They  are  consequently  very  heavy,  even  when  thoroughly  dry, 
and  with  time  and  due  seasoning  they  become  extremely  hard, 
and  in  the  same  degree  acquire  durability.  Duhamel  was  led  by 
his   experiments   to  conclude  that    the  difl^erence  in  point  of 

*  Duhamel,  Expl.  des  bois,  t.  i.  p.  46. 
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density  of  timber  grown  in  a  marshy  soil,  and  in  one  that  was 
well  drained  and  dry,  was  occasionally  in  the  ratio  of  five  to 
seven. 

The  denser,  dry-grown  timber,  supports  a  relatively  much 
greater  weight  without  breaking  than  the  marsh-grown  timber ; 
and  when  it  does  yield,  it  gives  way  by  a  large  and  splintering 
surface,  whilst  the  softer  less  dense  wood  snaps  off  short.  In 
brief,  there  is  no  question  as  to  which  kind  of  timber  is  the 
most  valuable ;  and  measures  ought  to  be  taken  by  landed  pro- 
prietors and  timber-growers  at  all  times,  not  merely  to  grow 
trees,  but  to  grow  them  under  such  circumstances  as  shall  insure 
their  yielding  good  available  timber  when  they  have  come  to 
maturity. 

If  wet  soils  then  be  unfavourable  to  the  growth  of  timber 
of  the  highest  value,  in  ship-building  especially,  what  has  been 
said  must  be  taken  as  of  application  to  those  trees  only  which 
win  grow  in  a  great  variety  of  soils.  Damp  and  even  marshy 
lands  are  well  known  to  be  fiivourable  and  even  indispensable  to 
certain  trees,  which,  by  their  nature,  delight  in  the  neighbourhood 
of  water ;  but  these  are  generally  kinds  which  are  rather  sought 
afler  for  their  height  and  lightness,  than  for  their  strength  and 
durability.* 

Excessively  dry  soils,  on  the  other  hand,  have  also  their  disad- 
vantages for  forest  cultivation.  In  such  ground,  trees  seldom 
acquire  a  sufficient  growth  to  admit  of  their  being  applied  to  any 
important  purpose.  It  is  certain,  however,  that  absolute  uni- 
formity is  never  encountered  in  any  piece  of  timber.  The  woody 
layers  that  have  been  formed  in  a  wet  or  a  dry  year,  in  a  warm 
or  a  cold  year,  feel  and  manifest  the  effects  of  the  varying 
meteorological  influences.  They  are  of  different  thicknesses  and 
densities,  and  when  carefully  examined,  are  found  to  present  the 
characters  of  the  timber  grown  in  soils  of  the  most  opposite 
description  in  point  of  wetness  and  dryness.f 

The  treatment  of  trees  after  they  are  felled,  the  drying  and 

♦  We  believe,  however,  that  the  live  oak,  of  which  the  American  navy  is 
oonstnicted  and  which  supplies  one  of  the  most  imperishable  kinds  of 
timber  known,  grows  exclusively  in  swamps. — ^Eng.  Ed. 

t  Duhamel>  1. 1.  p.  57. 
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seasoning  of  the  timber,  are  points  of  the  highest  importance. 
Standing  trees  contain  a  large  quantity  of  water  in  their  compo- 
sition. After  being  cut  down  the  moisture  is  dissipated,  rapidly 
at  first,  much  more  slowly  afterwards.  This  drying  process  is, 
of  course,  fistvoured  or  retarded  by  the  varying  states  of  heat  and 
moistness  of  the  atmosf^ere.  At  length  there  comes  a  time 
when  the  wood  no  longer  suffers  any  sensible  change  by  longer 
exposure  to  the  air ;  or  if  it  does,  the  change  is  now  on  the  one 
side,  now  on  the  other,  and  merely  in  harmony  with  the  hygro- 
metric  state  of  the  atmosphere.  Timber  has  then  lost  the  whole 
of  the  moisture  which  it  can  get  rid  of  by  this  mode  of  drying ; 
it  is  now  fit  for  use ;  it  is  reasoned,  to  use  the  technical  ex-> 
pression. 

Timber  is  sometimes  seasoned  by  previous  total  immersion 
in  water.  It  has  been  held  that  this  process  favoured  the 
thorough  drying,  by  dissolving  out  certain  deliquescent  salts, 
which  are  foimd  in  the  sap,  and  prevented  after-shrinking. 
However  this  may  be,  it  is  quite  certain  that  in  warm  countnea 
especially,  it  is  advantageous  to  sink  fi'esh-cut  timber  in  water, 
with  a  view  to  prevent  it  from  spUttmg,  apparently  in  conse* 
quence  of  drying  too  quickly.  The  old  Venetians  sank,  for  a 
season  in  the  sea,  the  oak  timber  which  was  destined  f(Nr  the 
construction  of  their  galliea.  Mm  and  beech,  in  particular,  are 
said  to  improve  greatly  by  the  process  of  submersion  in  salt 
water,  and  to  dry  afterwards  perfectly  by  simple  exposure  to  the 
air.* 

Mr.  John  Knowlea,  who  made  a  particular  study  of  the 
means  most  generally  employed  in  seasoning  timber,  has  given 
an  account  of  a  series  of  experiments  undertaken  in  the  Arsenals 
of  Deptford  and  Woolwich,  to  determine  the  rate  of  drying  and 
ultimate  degree  of  dryness  attained  by  timber  variously  treated — 
unprepared  and  prepared  by  previous  submersion  in  water.  The 
pieces  of  timber  were  placed  vertically,  now  in  the  position  they 
had  occupied  in  growing,  now  in  that  opposed  to  this ;  and  it 
was  found  that,  circumstances  the  same,  they  dried  more  quickly 
in  the  former  than  in  the  latter.  The  general  results  of  these 
experiments  were  as  follows:   1st.  That  the  pieces  of  timber  were 

*  Knowles,  Maritime  and  Colonial  Annals,  1825. 
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best  seasoned  by  being  kept  about  thirty  months  in  the  air,  but 
in  the  shade  and  protected  from  wet.  2nd.  That  they  lost  more  of 
their  original  weight  after  six  months'  alternate  immersions  and 
dryings,  than  by  being  kept  under  water  for  six  months  and 
then  dried.  Ship-builders  are  generally  agreed  that  it  is  not 
eoqpedient  to  make  use  of  timber  until  three  years  after  it  is  cut* 

Duhamel  advises  strongly,  that  in  ship-building  all  timber 
from  trees  already  on  the  decline  should  be  rigorously  rejected ; 
and  this  the  rather  that  the  most  careful  examination  often 
fidls  at  first  to  perceive  any  alteration  in  the  heart-wood  of  soxix 
trees,  although  it  never  fiuls  to  show  itself  by  and  bye  at  a 
suffident  interval  after  the  felling.  This  is  imdoubtedly  a  precept 
which  it  would  be  well  to  bear  constantly  in  mind ;  but  timbar 
does  not  always  carry  within  itself  the  germs  of  its  speedy  decay ; 
and  that  which  has  been  seasoned  with  the  most  scrupulous  care» 
and  was  originally  of  the  best  quality,  does  not  escape  the  rot 
when  it  is  placed  under  im&vourable  circumstances  any  more 
than  that  which  was  of  inferior  worth  and  less  carefully  treated. 

Wood  appears  to  perish  or  decay  through  three  principal 
and  apfnreciable  causes,  which  all  require  similar  conditions  to 
oome  into  play,  viz.:  stagnant  air,  sufficient  warmth,  and 
mcnsture.  Like  the  generality  of  organic  substances,  wood, 
when  moistened  in  contact  with  the  oxygen  of  the  air,  and  under 
the  influence  of  a  sufficiently  high  temperature  undergoes  decom-^ 
position  of  a  kind  which  has  been  compared  to  a  slow  combus* 
tion,  upon  which  we  shall  find  occasion  to  say  more  by  and  bye. 
It  is  with  a  view  to  escape  this  kind  of  decay  as  much  as 
possible  that  timber  is  never,  or  ought  never,  to  be  employed  in 
the  construction  of  ships  and  buildings  until  it  has  been  thoroughly 

seasoned. 

Besides  this  first  cause  of  decay,  which  may  be  prevented  in  a 
great  measure  by  using  certain  precautions,  wood  has  still  two 
redoubtable  enemies,  insects  and  certain  plants  of  the  family  of 
the  cryptogamiae.  In  one  case,  the  wood  perishes  because  it  is 
fbd  upon  by  certain  animals  which  live  and  grow  at  its  expense ; 
in  the  other,  it  decays  because  it  serves  as  the  soil  to  one  crop  of 
fungus  after  another  which  luxuriate  on  its  surface,  whilst  their 

*  Dupin,  Ann.  de  Chimie,  t.  zvii.  p.  277. 
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roots  penetrate  deeply  into  its  interior.  There  is  nothing  in  either 
accident  which  excites  astonishment^  now  that  we  know  the  inti- 
mate constitution  of  wood.  We  know,  in  fact,  that  among  the 
number  of  soluble  principles  which  impregnate  the  woody  tissue, 
there  is  an  azotised  matter  analogous  in  its  composition  to  those 
that  exist  so  abundantly  in  all  the  ordinary  esculent  vegetables. 
There  is,  therefore,  in  wood  ample  nourishment  for  the  insects 
which  we  find  living  on  it ;  and  if  I  state  now  (reserving  to  my- 
self the  opportunity  of  demonstrating  the  fact)  that  all  organic 
azotised  matter  be(X)mes  an  active  manure  by  decaying,  we  shall 
understand  how  it  happens  that  plants,  which  have  the  power  of 
living  in  dark,  warm,  and  damp  places,  wax  and  multiply  in  the 
joistings  of  houses,  and  in  the  ribs  and  planks  of  ships,  causing 
a  dry  rot,  which  separates  the  integral  layers  of  the  wood,  and 
reduces  the  strongest  beams  to  dust. 

The  rapidity  with  which  wood  is,  in  some  circumstances,  devour- 
ed by  insects  is  almost  incredible.  Some  years  ago  the  thermites, 
or  white  ants,  spread  in  such  strength  through  the  docks  and 
arsenals  of  Rochelle  and  Rochefort,  that  in  a  very  short  space  of 
time  serious  damage  was  done.  A  learned  entomologist,  M. 
Audouin,  commissioned  by  the  ministry  to  take  information  on 
the  subject,  reported  that  the  ravages  committed  by  these  insects 
had  been  very  considerable.  But  it  is  principally  in  warmer 
climates,  where  the  temperature  is  steady  throughout  the  year, 
and  where  there  is  no  winter  that  the  thermites  occasion  the 
most  alarming  injury.  At  Popayan,  for  example,  it  is  difficult 
to  meet  in  a  building,  even  of  recent  construction,  with  a  piece 
of  wood  which  is  not  gnawed  and  ant-eaten.  The  hardest  and 
most  compact  woods  do  not  always  resist  the  attacks  of  these 
insects,  which,  farther,  do  not  spare  every  kind  of  odorous  wood, 
cedar  for  instance.  In  such  countries  it  is  altogether  impossible 
to  preserve  books  and  papers.  I  remember,  in  connexion  with 
this  matter,  that  having  received  instructions  to  examine  the 
archives  of  Anserma,  one  of  the  oldest  towns  in  Popayan,  in 
1830,  I  found  nothing  but  books  illegible  and  in  pieces  ;  never- 
theless, the  date  of  the  documents,  which  it  was  my  business  to 
consult,  could  not  have  been  older  than  the  year  1 600. 

The  dry  rot,  which  results  from  the  development  and  growth 
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of  cryptogamic  plants  upon  wood  is  the  curse  of  navies.  Mr. 
Knowles  is  of  opinion  that  this  disease  of  timber  has  been  known 
from  the  most  remote  antiquity ;  he  believes  that  he  can  even 
recognize  dry-rot  in  the  sore  called  house-leprosy,  mentioned  in 
the  14  th  chapter  of  Leviticus.  A  ship  attacked  by  dry-rot, 
becomes  in  a  very  short  space  of  time  unfit  for  sea.  The 
Foudroyant  of  80  guns  is  often  quoted  as  an  instance  of  its 
destructive  powers:  launched  in  1798,  she  had  to  be  taken  into 
dodc  and  almost  rebuilt  so  soon  as  1802."*^ 

The  fungi  which  induce  dry-rot  have  been  studied  by 
SowCTby.  Mr.  Knowles  signalizes  two  species  in  particular; 
one  of  which  he  describes  under  the  name  of  Xylostroma 
giganteunif  the  other  imder  that  of  Boletus  lacrymans.  The 
Xylostroma  does  not  extend  beyond  the  part  where  it  is  deve- 
loped; but  the  Boletus,  on  the  contrary,  is  propagated  with 
fr^htAil  rapidity,  and  disorganises  deeply  and  to  a  great  distance 
around  the  texture  of  the  wood  where  it  once  appears.  These 
fun^  are  generally  found  on  board  ship,  between  the  planking 
and  the  ribs,  in  damp  situations,  and  where  the  air  is  scarcely, 
if  ever,  changedf 

The  temperature  n\ost  favourable  to  the  development  of  dry- 
lot  has  been  found  to  lie  between  7^  and  32^  cent,  or  45"^  and 
SO®  F.  These  are  the  extreme  limits :  below  the  minimum 
vegetation  languishes ;  above  the  maximum,  the  fungi  droop. 
With  this  piece  of  information  it  was  hoped  that  vessels  might 
be  freed  from  dry-rot  by  raising  the  temperature  sufficiently. 
The  trials  were  made  in  winter  in  the  "  Queen  Charlotte,"  the 
air  in  the  lower  part  of  the  ship  being  raised  as  high  as  SS''  cent. 
or  1 30^  F.  But  the  general  result  did  not  answer  expectations ; 
fx  although  the  fungi  were  destroyed  in  the  lower  part  of  the 
vessel,  it  was  found  that  their  growth  was  rather  favoured  in 
places  at  a  certain  elevation  above  the  kelson.  The  warm  air, 
in  &ct,  as  it  rose  through  the  timbers  became  robbed  in  its 
course,  and  deposited  the  greater  portion  of  the  moisture  which 
it  had  taken  up  at  a  lower  level.  Above  the  orlop  deck,  con- 
sequently,  there  was   just    about    the    temperature  and  the 

*  Dupm,  Ann.  de  Chimie,  t.  xvii .  p.  290. 

t  Dupin,  Ann.  de  Chimie  et  de  Physique,  t.  xvii,  p.  291,  2e  s^rie. 
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quantity  of  moisture  most  favourable  to  the  development  of  the 
fungi.  The  evil  vi^as  therefore  only  transplanted,  not  destroyed. 
It  was  now  proposed  to  heat  the  "  'tween  decks"  at  the  same 
time  as  the  hold,  making  use  of  due  ventilation;  but  this 
method  of  proceeding  has  not  been  put  into  practice. 

The  extreme  slowness  of  the  growth  of  trees  stands  in  strong 
contrast  with  the  rapidity  of  their  decay  when  they  are  reduced 
to  the  shape  of  timber  and  employed  in  constructions  of  almost 
every  kind.  In  countries  well  advanced  in  civilization,  every 
description  of  industry  tends  to  consume  timber,  at  the  same 
time  diat  an  increasing  population  is  every  day  contracting  the 
extent  of  forest  knd,  and  diminishing  the  number  of  trees 
grown.  In  some  countries,  indeed,  it  is  certain  that  the  production 
of  wood  for  all  purposes,  firing,  &c.,  &c.,  is  no  longer  in  relation 
with  its  consumption.  The  price  of  the  article,  necessarily  high, 
is  therefore  tending  continually  to  rise ;  and  it  is  not  surprising 
that  various  measures  have  been  suggested  and  essayed  of 
giving  this  perishable  material  greater  durability. 

The  wdl  known  great  durability  of  certain  trees,  the  teak, 
ebony,  lignum  vitae,  &c.  naturally  led  to  the  conclusion  that  the 
fatty  or  resinous  matters  which  they  contain  have  the  property  of 
preserving  the  wood  against  the  greater  number  of  the  ordinaiy 
causes  of  decay ;  and  unctuous  and  resinous  matters  appear  ki 
fact  to  have  been  the  means  most  anciently  employed  to  preserve 
wood  firom  the  air,  from  moisture,  and  from  the  attacks  of  in- 
sects. But  it  is  scarcely  necessary,  at  the  present  time,  to  say 
that  these  varnishes  only  accomplish  the  object  proposed  in 
thCT*  application  in  a  very  imperfect  veay ;  paint  and  varnishes 
crack,  rub,  or  scale  off  with  the  slightest  friction ;  nor  do  tbey 
always  remove  the  causes  of  internal  decay ;  on  the  ocmtraiy, 
by  preventing  more  complete  dryness  they  sometimes  even  pro- 
voke or  favour  them,  when  applied  to  t^ider,  that  is,  impaibc% 
^seasoned  wood.  Merdy  laid  on  the  surface,  indeed,  it  has  always 
been  seen  that  varnishes  of  any  kind  were  but  indifferent  protec- 
tors ;  tiiat  a  really  good  preserver  ought  to  penetrate  the  sub- 
stance of  the  wood,  and  unite  with  the  tissue  itself.  But  herein 
lay  the  whole  difficulty ;  how  was  the  needful  penetration  to  be 
effected  ?  for  the  number  of  chemical  substances^  from    which 
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good  effects  might  reasonably  be  anticipated,  is  pretty  consider- 
able,— ^unless  indeed  we  find  ourselves  prevented  from  using  them 
by  the  consideration  of  the  price ;  for  it  is  imperative  that  any 
preservative  proposed  be  extremely  cheap. 

For  a  long  time  the  only  process  for  effecting  the  penetration 
of  timber  by  substances  proposed  for  its  preservation  was  to 
macerate  them  for  a  longer  or  shorter  time  in  a  solution  of  the 
substance.     But  this  means  was  found  as  tardy  of  accomplish- 
ment as  it  was  ordinarily  imperfectly  effected ;  to  have  got  to 
the  heart  of  logs  of  large  scantlingi  years  would  have  been  required. 
Any  delay,  however,  in  such  circumstances  is  of  itself  a  cause 
of  enhanced  price  of  the  article.     By  and  by  a  variety  of  pro- 
cesses, the  element  in  one  being  pressure,  in  another  exhaustion, 
were  put  in  practice,  and  very  satisfactory  results  obtained.     M. 
Breant  showed,  that  by  means  of  strong  pressure  he  could  fill 
the  largest  logs  fix)m  one  end  to  the  other  with  any  unctuous  or 
resinous  substance  proposed  in  the  course  of  a  few  minutes.   M. 
Moll,  a  learned  German,  proposed  creosote  introduced  in  the 
state  of  vapour  by  forcing,  as  an  eflfectual  means  of  preserving 
timber,  which  it  probably  would  be  found ;   but  the  high  price 
of  the  antiseptic,  were  there  no  other  objections,  would  neces* 
sarily  be  an  obstacle  to  its  general  employment.     The  same  ob- 
jection applies  to  the  bichloride  of  mercury  (Kyan's  patent) ;  and 
arsenic  is  inadvisable  from  its  deleterious  effects  upon  the  animal 
economy.     Some  workmen  are  said  to  have  lost  their  Hves  in 
consequence  of  working  timber  which  had  been  impregnated 
with  a  solution  of  white  oxide  of  arsenic. 

It  had  been  observed  that  vessels  engaged  in  the  lime  trade 
lasted  long ;  and  then  it  was  naturally  thought  that  by  impreg- 
nating the  wood  to  be  used  for  ship-building  with  lime  it  would 
be  rendered  more  durable.  But  the  result  did  not  answer  ex- 
pectation ;  the  timber  treated  with  lime  did  not  even  seem  to 
last  the  usual  time.* 

Such  was  the  state  of  the  question  when  Dr.  Boucherie  made 
a  highly  important  communication  to  the  Royal  Academy  of 
Sciences  on  the  preservation  of  timber.f     Some  estimate  of  its 

*  Dupin,  Ann.  de  Cbimie,  t.  xvii.  p.  286. 
t  Idem,  t.  Lzxiv.  p.  113. 


128  PRESERVATION  OF  TIMBER. 

jiature  may  be  formed  from  the  list  of  subjects  discussed  in  this 
remarkable  paper. 

1 .  To  protect  timber  against  dry-rot  and  the  ordinarj^  wet-rot. 

2.  To  increase  its  hardness  and  strength. 

3.  To  preserve  its  flexibility  and  elasticity. 

4.  To  counteract  its  alternate  contraction  and  expansion  in 
consequence  of  the  varying  state  of  moistness  and  temperature 
of  the  atmosphere. 

5.  To  diminish  its  inflammability  and  combustibility. 

6.  To  give  it  a  variety  of  permanent  colours  and  odours. 

In  the  whole  of  his  experiments  M.  Boucherie  set  out  from 
this  proposition,  the  truth  of  which  appears  indisputable  and  to 
l^uire  no  comment,  viz :  That  all  the  changes  which  wood  tin- 
dergoes  proceed  or  depend  upon  the  soluble  matters  which  it 
contains.  In  conformity  with  this  idea  the  first  step  towards  giving 
durability  to  timber  was,  either  to  render  these  matters  insoluble 
and  inert,  or  to  remove  them  entirely.  M.  Boucherie,  therefore, 
in  his  first  trials  sought  to  render  the  matters  insoluble  by 
charging  the  wood  with  a  substance  capable  of  combining 
chemically  and  forming  a  precipitate  with  the  soluble  matter  left 
by  the  sap.  To  resolve  this  problem,  M.  Boucherie  investigated 
the  reactions  between  the  soluble  matter  of  wood,  which  it  was 
his  object  to  precipitate,  and  a  variety  of  low  priced  chemical 
agents.  He  found  that  the  pyrolignite  of  iron  combined  the 
greatest  number  of  desirable  properties :  it  is  very  cheap,  the 
oxide  of  iron  forms  stable  compounds  with  the  greatest  number 
of  the  organic  substances  which  are  found  in  the  sap  of  vegeta* 
bles,  and  to  conclude,  the  crude  pyrolignite  contains  a  notable 
quantity  of  creosote. 

The  facts  upon  which  M.  Boucherie  relies  as  proving  the  pre- 
servative powers  of  the  pyrolignite  of  iron  flow  fix)m  numerous 
experiments  performed  either  on  vegetable  substances  which  in 
themselves  readily  and  rapidly  undergo  changes ;  or  upon  biUets 
of  wood  of  different  kinds.  A  quantity  of  flour,  the  pulp  of 
carrots,  beet-roots,  &c.  impregnated  with  the  pyrolignite  resist 
decomposition  in  a  very  remarkable  manner  in  contrast  with  the 
same  substances  when  they  have  not  been  prepared  in  any  way. 

The  wood  which  was  selected  for  trial,  was  generally  of  the 
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most  perishable  kind.  la  December  1838,  several  empty  hogs- 
heads and  barrels  made  of  the  best  timber  unimpregnated 
and  impr^nated  with  the  pyrolnignite  were  placed  together  in 
the  dampest  parts  of  the  great  cellars  of  Bordeaux.  In  August 
1 839,  it  was  easy  to  see  that  the  unimpregnated  tubs  were  already 
deeply  stricken,  and  after  from  two  to  three  years  they  fell  to 
pieces  with  the  slightest  force ;  the  casks  made  of  the  prepared 
wood,  however,  were  as  sound  as  on  the  first  day  of  the  ex- 
periment.* 

M.  Boucherie  concluded  from  his  experiments  instituted  with 
a  view  to  the  settlement  of  the  question,  that  about  ^th  of  the 
weight  of  the  wood  in  its  green  state  of  the  pyrolignite  was 
adequate  to  precipitate  and  render  insoluble  all  the  principles 
obnoxious  to  change,  which  were  contained  in  the  woody  tissue. 

M.  Boucherie,  whilst  he  regards  the  pyrolignite  of  iron  as  at 
onoe  the  most  pow^iul,  and  one  of  the  cheapest  preservatives  of 
timber,  nevertheless  indicates  several  soluble  salts,  which  are 
readily  available  in  consequence  of  their  low  price,  and  also  very 
eflkctual  when  the  wood,  which  they  are  to  preserve,  is  not  kept 
constantly  wet.  Solutions  of  common  salt,  of  chloride  of  lime, 
the  mother-water  of  salt-marshes,  &c.  were  all  tried  and  found 
useful :  casks,  the  wood  of  which  had  been  prepared  with  the 
chlorides,  after  having  been  long  kept  in  very  damp  cellars, 
came  out  as  fresh  as  those  which  had  been  impregnated  with 
the  pyrolignite  of  iron ;  the  flexibility  of  the  wood  preserved 
with  these  alkaline  and  earthy  salts  was  farther  as  great  as  at 
the  beginning  of  the  experiment. 

Having  now  come  to  a  conclusion  in  regard  to  the  substances 
most  effectual  in  preserving  wood,  the  next  business  was  to  make 
th^n  penetrate  its  tissue  most  intimately.  Maceration,  M. 
Boucherie,  soon  found,  like  his  predecessors  in  the  same  path, 
to  be  insufficient,  the  substances  in  solution  only  penetrating  a 
very  little  way.  He  then  tried  various  processes  of  injection ; 
but  an  inferior  to  that  imagined  by  M.  Breant,  and  therefore 
ksB  effectual  He  then  bethought  him  of  effecting  the  needful 
penetation  of  the  wood  in  the  green  state,  and  before  it  had 
been  sensibly  altered  by  drying  and  seasoning ;  he  asked  himself 

*  Comptes  Rendus,  t.  ii.  p.  896. 
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if  the  force  which  determines  the  ascent  of  the  sap  might  not  be 
taken  advantage  of  after  the  tree  was  cut  down,  as  a  means  of  de- 
termining the  entrance  of  a  solution  of  pyroUgnite  of  iron  ?  And 
all  his  trials  in  this  direction  answered  his  expectations  fully. 
M.  Boucherie  had,  in  fact,  discovered  a  means  of  securing  the 
penetration  of  the  minutest  pores  of  the  largest  log  by  a  substance 
capable  of  rendering  it  incorruptible.  No  one  before  M.  Bou- 
cherie thought  of  taking  advantage  of  an  admitted  physiological 
fact  for  such  a  purpose.  He  announces  the  principle  upon 
which  he  proceeds  in  these  terms :  '*  If  a  tall  tree  be  cut  down 
at  the  proper  season,  and  the  bottom  of  the  trunk  be  then 
immersed  in  a  saline  solution,  weak  or  strong,  the  liquid  is  power- 
fully drawn  up  into  the  tree,  penetrates  its  most  intimate  tissues, 
rises  to  its  smallest  branches  and  even  to  its  terminal  leaves.""*^ 

In  the  month  of  September,  a  poplar,  upwards  of  90  feet 
high  and  nearly  1 6  inches  in  diameter,  was  cut,  and  the  bottom 
of  its  bole  plunged  in  a  vessel,  containing  a  solution  of  pyrolignite 
of  iron  marking  S''  of  the  areometer  of  Beaum^ ;  in  the  course 
of  six  days  it  had  absorbed  upwards  of  66  gallons  of  the  fluid. 

In  his  first  experiments,  M.  Boucherie  procured  the  needful 
absorption  by  placing  the  bottoms  of  his  trees  in  vessels  con- 
taining the  solution ;  but  this  mode  of  proceeding  was  obviously 
full  of  difficulties  and  open  to  many  objections :  the  weight  of  a 
green  tree  of  large  size,  with  the  whole  of  its  top  and  brandies  is 
often  enormous,  and  to  raise  a  mass  of  the  kind  once  down 
again  into  the  perpendicular  was  no  easy  task ;  it  implied  recur- 
rence to  certain  mechanical  means  which  are  not  always  at  hand, 
and  necessarily  expensive.  M.  Boucherie,  therefore,  tried  other 
modes  of  making  the  trees  absorb ;  he  adapted  a  sac  of  imper- 
meable material  to  the  bottom  of  the  trunk  laid  on  the  ground, 
and  into  this  sac  he  poured  his  solution,  and  this  method 
answered  very  well.  He  next  took  advantage  of  one  or  more 
of  the  roots  to  effect  the  imbibition.  He  next  bored  a  hole  into 
the  bottom  of  the  trunk,  still  erect ;  and  having  brought  the  cavity 
thus  made  to  communicate  with  a  reservoir,  he  stOl  sucoeedecL 
This  last  plan  was  still  farther  simplified  in  proceeding  as  follows : 
the  trunk  of  the  tree  is  pierced  by  an  auger  through  nearly  the 

•  Ann.  de  Chimie,  t.  lxxiv.  p.  132. 
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whcJe  diameter.  Into  the  auger-hole  thus  made,  a  narrow  saw 
is  passed,  by  working  which  on  either  side,  the  trunk  is  divided 
internally  to  a  very  considerable  extent,  and  the  majority  of  its 
sap  vessels  are  thus  cut  across  and  made  accessible.  An  im- 
pervious doth  is  then  tied  round  the  trunk,  below  the  opening, 
and  this  is  made  to  communicate  with  the  reservoir  of  liquid.* 

M.  Boucherie  was  almost  necessarily  led,  in  the  course  of  his 
experiments,  to  inquire  whether  the  absorbing  power  of  trees 
differed  at  different  seasons  or  not.  He  ascertained  by  trials 
made  in  the  months  of  December  and  February,  that  though 
in  the  oak,  the  hornbeam  and  the  plane,  the  solution  of  pyrolignite 
of  iron  always  rises  several  feet  and  even  several  yards,  yet  that 
in  the  colder  season  of  the  year,  it  never  rises  so  high  as  it  does 
in  summer,  in  spring,  and  especially  in  autumn,  the  season  in 
which  the  power  of  ascent  is  most  remarkable.  This  conclusion 
is  obviously  of  interest  physiologically.  It  proves  that  if  winter 
be  a  season  of  repose  for  the  sap,  it  is  not  so  absolutely.  There 
is  one  remarkable  exception  to  the  general  &ct  now  announced, 
and  this  occurs  among  the  resinous  trees  that  keep  their  leaves 
tin  the  spring.  It  has  been  ascertained,  by  direct  experiment, 
that  the  ascent  of  the  sap  continues  through  the  whole  course 
of  the  winter  in  the  cone-bearing  trees,  and  this  to  such  an 
extent,  that  it  is  always  possible  to  impr^nate  every  part  of 
their  trunk  by  the  way  of  simple  absorption  at  any  period  of 
Ae  year.  As  M.  Boucherie  remarks,  this  fact  might  even  have 
been  fcmeseen  from  the  fresh  and  green  state  of  the  leaves  of 
these  trees. 

It  now  became  important,  in  connexion  with  the  practical 
a|q)Iication  of  M.  Boucherie's  views,  to  ascertain  whether  or  not 
Ab  penetration  was  energetic  in  the  ratio  of  the  vigoiu-  of 
tiie  tree  itself,  in  proportion  as  it  was  more  numerously  provided 
with  brandies,  more  thickly  covered  with  leaves.  Expmment 
showed  that  the  penetration  stiU  takes  place  after  the  removal  of 
tiie  greater  number  of  branches,  provided  only  the  leading  bough 
or  terminal  crown  be  left.  A  stem  furnished  with  a  number  of 
leafy  branches  continues,  as  has  been  said,  to  imbibe,  though 
separated  from  the  roots;   but  for  how  long  a  time  will  it 

*  Boudierie  Ann.  de  Chimie,  t.  lxxiv.  p.  134,  2e  s^ric. 
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continue  to  do  so  ?  This  was  a  capital  point  to  determine. 
At  the  end  of  September,  the  bottom  of  a  pine  tree  about  14 
inches  in  diameter  was  first  put  into  the  solution  48  hours 
after  it  had  been  felled  ;  nevertheless  the  imbibition  was  complete. 
It  June  the  same  success  attended  the  experiment  made  on  a 
plane  that  had  been  cut  for  thirty-six  hours.  Still  it  is  certain 
that  the  penetration  takes  place  with  so  much  the  more  energy 
as  it  is  arranged  close  upon  the  time  of  the  felling.  The  power 
by  which  it  is  determined  declines  rapidly  after  the  first  day  is 
passed,  and  by  the  tenth  day  it  is  almost  entirely  gone.  In 
favourable  circumstances  these  ten  days  suffice  to  effect  the 
complete  impregnation  of  the  largest  stem.  In  one  of  his 
experiments  upon  a  poplar,  M.  Boucherie  saw  the  absorbed 
liquid  reach  the  height  of  about  95  feet  in  seven  days. 

In  the  white  woods  it  is  found  that  there  is  an  axis  of  variable 
diameter  in  different  cases  which  escapes  or  rather  which  resists 
impregnation.  In  hard  woods  the  parts  which  are  not  penetrated 
are  the  inner  or  imdermost  circles  of  the  heart.  M.  Boucherie, 
after  having  ascertained  these  facts,  explains  them  thus :  in  the 
white  woods,  according  to  the  testimony  of  the  workmen,  the 
central  part  which  resists  the  penetration  is  at  once  the  weakest 
and  the  most  perishable  portion  of  the  log ;  there  is  no  longer 
any  circulation,  any  life  there ;  it  is  dead  wood  interred  in  the 
midst  of  the  living  woody  layers.  This  absence  of  penetration 
of  the  woody  tissue  appears  on  some  occasions  elsewhere. than  in 
the  centre  of  the  trunk  and  branches ;  it  presents  itself  under  the 
most  various  forms  and  in  different  parts  of  the  trunk  ;  it  ap- 
pears to  depend,  as  has  been  said,  on  the  presence  of  wood  ab- 
stracted fix)m  the  influence  of  vital  phenomena,  and  which,  im- 
penetrable itself,  presents  a  barrier  or  an  obstacle  to  the  passage 
of  the  solution  to  other  parts ;  it  is  thus  that  a  knot,  or  a  piece  of 
rotten  wood  is  generally  foimd  as  the  starting  point  of  the  zones 
that  have  escaped  imbibition.  As  to  the  non-penetration  of 
the  most  central  parts  of  the  heart  of  oak,  elm,  &c.,  M.  Bou- 
cherie views  it  as  affording  imquestionable  proof  of  the  fact  that 
there  the  living  juices  of  the  tree  had  long  ceased  to  circulate. 

The  distinction  generally  drawn  between  the  white  or  soft,  and 
the  perfect  or  hard  wood,  rests  on  the  differences  of  colour  pre- 
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sented  by  a  transverse  section  of  the  trunk.  In  the  oak,  for 
example,  the  external  and  nearly  white  concentric  layers  are  held 
as  the  soft  and  valueless  portion  of  the  log,  and  are  commonly 
hewn  away  in  squaring  it ;  the  darker  more  central  portions  con- 
stitute the  heart-wood,  the  valuable  timber.  But  according 
to  M.  Boucherie  the  distinction  is  different  when  the  fact  of 
penetrability  is  taken  as  the  guide,  and  all  that  portion  of  the 
trunk  which  imbibes  is  considered  as  alburnum  or  soft  wood,  and 
an  that  does  not  imbibe  is  regarded  as  hard  wood.  The  albur- 
num in  this  way  is  so  much  extended  that  it  may  be  found  con- 
stituting three-fourths  of  the  whole  mass  of-  the  trunk.  Once 
introduced,  the  pyrolignite  of  iron,  according  to  M.  Boucherie,  is 
not  only  useful  in  preserving  the  wood,  it  also  increases  the  den- 
sity of  the  timber.  Impregnated  with  this  salt  of  iron,  wood 
becomes  so  hard  as  powerfully  to  resist  the  tools  of  the  carpen- 
ter and  joiner,  who  even  complain  of  the  increased  difficulty  with 
which  it  is  worked. 

Flexibility  and  elasticity  in  timber  are  qualities  in  request  for 
certain  purposes,  particularly  for  ship-building.  The  fir  timber 
of  the  north  of  Europe  is  much  more  prized  than  that  of  the 
south,  especially  for  masting,  on  account  of  its  greater  flexibility 
and  elasticity,  qualities  which  appear  to  depend  in  a  great  mea- 
sure on  the  quantity  of  moisture  retained ;  to  increase  these 
qualities  M.  Boucherie  has  even  introduced  by  imbibition 
a  deliquescent  salt,  such  as  the  muriate  of  lime,  which  re- 
tains moisture  powerfully  as  is  well  known,  and  seems  to 
have  the  power  of  giving  a  remarkable  degree  of  suppleness 
to  wood.  The  experiments,  contrived  to  show  the  effects  of 
ddiquescent  salts  were  made  upon  deal,  which  is  allowed  to  be 
one  of  the  most  brittle  woods.  After  having  impregnated  it 
with  concentrated  solutions  it  was  sawed  into  very  thin  veneers, 
some  of  which  I  have  seen  in  the  possession  of  M.  Boucherie, 
which  after  being  strongly  twisted  and  bent  in  various  senses, 
immediately  regained  their  original  flatness  and  evenness  when 
they  were  left  free. 

Warping,  or  shrinking  is  occasioned  by  alternate  shrinking 
and  swelling  in  consequence  of  var}dng  hygrometric  states  of  the 
atmosphere.  When  timber  is  worked  before  it  is  thoroughly 
seasoned, — and  this  is  apt  to  happen  in  regard  to  pieces  of  large 


1 34  PRESERVATION  OF  TIMBER* 

scantling  especially — the  shrinking  is  of  course  extremely  con- 
spicuous when  the  time  necessary  to  complete  desiccation  has 
dapsed.  It  is  this  inconvenience  which  makes  it  imperative  on 
buflders  of  all  kinds,  ship-builders  more  especially,  to  keep  stocks 
which  necessarily  absorb  a  considerable  amount  of  capital.  It 
has  long  been  a  question  with  engineers  to  find  a  remedy  for 
this  state  of  things.  Seasoning,  indeed,  is  now  effected  some- 
what more  quickly  by  squaring  the  logs  at  the  time  the  trees  are 
cut  down ;  but  the  loss  of  time  is  still  very  considerable.  The 
mode  of  seasoning  by  the  stove  or  vapour  has  been  abandoned 
as  too  costly. 

After  having  found  that  the  shrinking  and  separation  of 
pieces  of  carpentry  did  not  begin  to  take  place  until  the  timber 
was  upon  the  point  of  losing  the  last  third  of  the  moisture 
which  it  contained  at  the  time  of  being  cut,  M.  Boucherie  thought 
that  to  prevent  all  warping  and  shrinking  it  would  be  enough  to 
retain  this  quantity  of  water  in  combination  with  the  woody 
tissue ;  in  other  words,  to  prevent  complete  desiccation,  Facts 
have  proved  the  correctness  of  this  view.  Pieces  of  wood  kept 
at  a  certain  unchanging  degree  of  moistness  by  means  of  a  de- 
liquescent salt  infused  into  their  pores,  do  not  change  their  bulk 
or  form,  in  spite  of  extreme  variations  in  the  hygrometric  state 
of  the  air.  Such  pieces  of  wood,  however,  exhibit  great  dif- 
ferences in  point  of  weight  under  the  influence  of  different  cir- 
cumstances. 

Several  planks  of  great  breadth  and  extremely  thin  were 
prepared  with  chloride  of  lime  and  joined  togeth^ ;  some  of 
them  were  left  unpainted,  others  were  painted  on  one  side,  or  on 
both  sides ;  after  the  lapse  of  a  year  these  planks  were  found  not 
to  have  shrunk  or  warped,  whilst  similar  planks  of  the  same 
thickness  and  kind  of  wood,  but  unprepared,  were  found  to  have 
cast  in  an  extraordinary  way.* 

M.  Boucherie  has  done  more  than  this  :  he  has  not  only  had 
it  in  view  to  preserve  wood  and  to  prevent  it  firom  waiping, 
qualities  so  desu^le,  he  has  made  use  of  the  same  faculty  of 
imbibition  to  impregnate  the  wood  with  a  variety  of  beautiful 
colours,  and  thus  to  give  even  the  most  common  kinds  tints  that 

*  Boucherie,  op.  cit.  p.  151. 
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win  admit  of  their  being  used  in  the  construction  of  costly  fur- 
niture. The  pyrolignite  of  iron  alone  gives  an  agreeable  brown 
tint  that  harmonizes  excellently  with  the  natural  colour  of  the 
harder  parts  of  so  many  trees  which  usually  resist  penetration. 
By  foQowing  up  the  pyrolignite  with  an  infdsion  of  nutgalls  or 
oak-bark,  the  mass  cf  the  wood  is  penetrated  with  ink,  which 
preeents  a  blacky  blue^  or  grey  colour,  according  to  circumstances; 
1  solution  of  another  salt  of  iron  succeeded  by  one  of  prussiate 
ci  potash  win  cause  a  precipitate  of  prussian  blue  in  the  wood, 
&C.;  in  short,  by  the  numerous  reactions  of  this  kind  with 
whidi  diemistry  is  familiar,  a  great  variety  of  colours  may  be 
obtained. 

Among  the  number  of  useful  properties  communicated  to 
wood  by  impregnation  with  saline  solutions,  that  of  being  ren- 
dered ntde  apt  for  combustion  ought  not  to  be  omitted.  M. 
Gay-Lossac  was  the  first  who  thought  of  rendering  vegetable 
tismies  incombustible  by  means  of  saline  impregnations.*  By 
incombustible,  we  are  not  to  understand  unalterable  by  a  red 
heat ;  for  every  one  must  see  that  the  protecting  power  of  no 
salt  can  extend  so  &r  as  this ;  but  tissues  which  take  fire  very 
readfly,  and  bum  with  great  rapidity,  cease  from  giving  any 
flame,  and  merely  smoulder  after  they  have  been  impregnated 
with  certain  salts ;  they  take  fire  with  difficulty,  go  out  of  them- 
selves, become  charred,  and  are  incapable  of  propagating  fire. 
And  this  is  exactly  what  happens  with  wood  which  has  been 
properly  charged :  it  bums,  and  is  reduced  to  ashes  with  extreme 
slowness,  so  that  two  huts  exactly  alike,  built  one  of  charged 
wood,  and  the  other  of  ordinary  wood,  having  been  set  fire  to  at 
the  same  moment,  the  latter  was  ab'eady  bumed  to  the  ground, 
when  the  interior  of  the  former  was  scarcely  charred.f 

The  ingenious  process  of  impregnating  wood  by  the  way  of 
vital  inspiration  is  not  without  certain  objections.  In  the  first 
place,  it  can  only  be  performed  at  those  periods  of  the  year  when 
the  sap  is  in  motion,  and  the  trees  are  covered  with  their  leaves. 
This  time,  however,  is  limited  to  a  few  months  of  the  year  and 
the  usual  practice  being  to  feU  timber  in  the  winter,  wont  and 

*  Aim.  de  Chimie«  t.  zviii.  p.  211,  2e  s^rie. 
t  Idem,  t.  iJLXiv.  p.  152,  2e  s^rie. 
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lisage  are  opposed  to  cutting  down  trees  in  the  spring  and 
autumn.  To  meet  these  objections,  M.  Boucherie  engaged  in 
new  experiments,  which  led  him  to  a  means  of  impregnating 
timber  at  all  seasons,  in  winter  as  well  as  spring  and  autumn,  and 
in  a  very  short  space  of  time;  this  second  method  is  applicable  to 
wood  that  has  already  been  squared  as  well  as  to  the  round  trunks 
provided  it  has  been  recently  felled. 

To  impregnate  timber  by  this  process,  the  logs  are  placed 
vertically,  and  the  upper  extremities  are  fitted  with  an  imperme- 
able sack  for  the  reception  of  the  saline  solution  destined  to 
charge  them ;  the  fluid  enters  from  above,  and  almost  at  the 
same  moment  the  sap  is  seen  to  begin  running  out  below. 
There  are  some  woods  which  include  a  large  quantity  of  air  in 
their  tissues ;  m  this  case  the  flow  does  not  go  on  until  this  air 
has  been  expelled ;  once  begun,  it  goes  on  without  interruption. 
The  operation  is  terminated  when  the  fluid,  which  drips  from 
the  lower  part,  is  of  the  same  nature  as  that  which  is  entering 
above.  In  my  opinion  this  method  must  be  preferable  to  that 
by  aspiration.  In  the  second  mode  of  proceeding,  in  fact,  we 
accomplish  our  object  by  a  true  displacement ;  almost  the  whole 
of  the  sap  is  expelled,  and  the  saline  solution  introduced  has 
only  to  subdue  or  neutralize  the  very  small  quantity  of  soluUe 
organic  matter  which  may  remain  adhering  to  the  woody  tissue. 
By  accomplishing  such  a  displacement  by  means  of  simple  water 
we  should  undoubtedly  obtain  results  favourable  to  the  preserva- 
tion of  timber,  inasmuch  as  we  should  have  freed  it  fit)m 
almost  the  whole  of  those  matters  which  are  regarded  as  the 
most  alterable  themselves,  and  the  first  cause  of  rotting  in 
timber.  The  rapidity  with  which  the  fluid  introduced  is  sub- 
stituted for  the  sap  which  it  displaces,  and  the  quantity  of  this 
expelled  sap  which  may  be  readily  collected,  exceeds  any  thing 
that  could  have  been  imagined  before  making  the  experiment ; 
thus  the  trunk  of  a  beech  tree  about  52^  feet  in  lengtti  by  33f 
inches  in  diameter,  and  consequently  forming  a  cube  of  some- 
what more  than  29  feet  and  a  half,  gave  in  the  course  of  twenty- 
five  hours  upwards  of  330  gallons  of  sap,  which  were  replaced 
by  about  350  gallons  of  pyroligneous  acid.  The  liquid  which 
penetrates  in  this  way  acts  so  effectually  in  displacing  the  sap, 


DYE-WOODS.  137 

that  M.  Boucherie  says  we  can  readily  procure,  or  extract  by  its 
means  the  saccharine,  mucilaginous,  resinous  and  coloured  juices 
contained  in  trees*  It  would,  perhaps,  be  possible,  and  I  beg  to 
suggest  this  idea  to  colonial  planters,  to  apply  the  method  of 
displacement  to  the  extraction  of  the  colouring  matters  of  dye 
woods.  The  trade  in  dye-woods  does  not  extend  beyond  locali- 
ties favourably  situated  for  exportation,  so  that  at  a  certain 
distance  from  the  shores  of  the  ocean,  or  the  banks  of  rivers,  it 
is  found  absolutely  impossible  to  carry  on  a  trade,  the  material 
of  which  is  so  heavy  and  bulky  as  timber.  The  greater  number 
of  the  colouring  matters  found  in  wood  being  soluble,  it  is  pos- 
sible to  export  them  in  the  state  of  extract.  Various  attempts 
of  this  kind  have  already  been  made,  and  if  they  have  not  been 
successful,  the  obvious  cause  of  this  lies  in  the  method  which 
has  been  followed,  and  which  has  hitherto  consisted  in  treating 
the  wood  reduced  to  chips  by  means  of  boiling  water,  and  then 
reducing  the  coloured  solution  obtained ;  but  it  is  obvious  that 
in  the  remote  forests  of  America,  or  of  Africa,  where  all  me- 
chanical means  are  wanting,  nothing  but  failure  could  attend 
upon  such  a  procedure.  By  the  method  of  M.  Boucherie,  the 
main  difficulties  appear  to  be  got  over ;  there  is  nothing  more 
to  be  done,  in  fact,  than  to  get  the  trees  into  the  state  of  logs, 
and  these  are  generally  readily  transportable,  afler  which  one  or 
more  evaporating  pans  seem  all  that  are  further  necessary. 

Dye-woods. — The  greater  number  of  these  woods  belong  to 
the  family  of  leguminosse;  the  principal  kinds  met  with  in 
trade  are: 

1.  Mahogany  wood  Quematoxylon  campechianum)  of  a 
reddish  yellow,  which  becomes  brown  with  age  ;  this  wood,  be- 
sides a  variety  of  alkaline  and  earthy  salts,  of  volatile  oil  and  un- 
azotised  matter,  contains  a  particular  colouring  principle,  called 
hematine,  discovered  by  M.  ChevreuL* 

The  mahogany  grows  in  the  hot  intertropical  regions  of 
America ;  Mexico  and  some  of  the  West  India  Islands  export 
considerable  quantities. 

Pemambuco  or  Brazil-wood  is  the  name  given  in  trade  to 
the  trunks  of  several  trees  of  the  genus    Qesalpinia.     The 

"^  Chimie  i^liqu6e  k  la  teinture,  30e  le^oD,  p.  88. 
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Casalpinia  crista  of  Jamaica,  the  C  sappan  of  Japan,  the 
C.  echinata  of  Santa  Martha,  afford  kinds  that  are  very  much 
prized.  In  point  of  chemical  composition  Brazil-wood  agrees 
with  Campechy  wood ;  the  colouring  matter  which  characterizes 
it  has  been  named  Braziline  by  M.  Chevreul ;  it  is  obtained  in 
smaU  crystals  of  an  orange  colour. 

This  wood  comes  to  Europe  in  faggots  of  about  39  inches  in 
length.  Red  Saunders-wood  is  furnished  by  the  Ptcsrocarpus 
santalinus ;  it  contains  a  peculiar  dye-stuff,  santaline,  observed 
by  M.  Peltier.* 

To  conclude,  the  yellow  dye-woods  of  commerce  are  Fustic, 
Rhus  cotinuSf  of  the  family  of  turpentine  trees,  a  native  of 
the  south  of  Europe,  and  the  Cuba  and  Tampico  woods,  which 
are  probably  varieties  of  the  Moms  tinctoricu 

OF   8UGAB. 

Sugar  is  met  with  in  almost  every  part  of  vegetables ;  it  has 
been  found  in  flowers,  in  leaves,  in  stems,  and  in  roots.  It  is 
less  abundant  in  seeds ;  and  it  may  even  be  said  that  the  quan- 
tity of  saccharine  matter  contained  in  vegetables  in  general  is 
invariably  diminished  at  the  period  of  formation  of  the  seed. 
Sugar,  consequently,  as  well  as  starch,  appears  to  contribute  to 
the  production  of  the  seed. 

The  very  characteristic  taste  of  sugar  generally  suffices  to 
proclaim  its  presence;  nevertheless,  it  would  be  a  great  mis- 
take did  we  rely  upon  this  character  alone  for  discovering  the 
presence  of  sugar ;  several  substances  possess  a  very  decided 
sweet  taste,  without  being  on  that  account  sugar,  in  the  sense 
which  chemists  attach  to  the  name.  True  sugars,  according  to 
chemists,  have  one  property  which  distinguishes  them  from  all 
substances  with  which  they  may  have,  in  other  respects,  the 
gi'eatest  analogy  ;  this  characteristic  property  is  that  of  becom- 
ing changed  under  the  influence  of  water,  a  suitable  temperature 
and  contact  with  yeast,  into  alcohol  and  carbonic  acid.  It  is  cer- 
tain, nevertheless,  that  certain  bodies  which  do  not  belong  to  the 
chemical  genus,  sugar,  may,  under  the  influence  of  fermentation, 
yield  alcohol.     I  have  already  quoted  starch  as  coming  imder 

*  Chevreul^  Chemistry  applied  to  dying,  30th  lecture,  p.  94. 
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this  head ;  but  it  has  been  distinctly  ascertained,  as  I  have  also 
said,  that  such  substances,  under  the  influence  of  the  ferment 
itself  are  first  changed  into  sugar,  which  subsequently  undergoes 
the  vinous  fermentation. 

It  is  admitted  at  the  present  time  that  fermentable  sugars 
must  be  divided  into  two  principal  species,  in  harmony  with 
characters  which  are  most  easily  appreciated.  One  of  these 
pres^its  itself  in  the  shape  of  hard,  transparent  crystals,  and  is 
met  with  in  sufficient  quantity  to  be  profitably  extracted  fi-om 
the  juice  of  the  cane  and  the  beet,  the  sap  of  the  maple  and  of 
certain  palms ;  the  other  is  obtained  with  some  difficulty  in  the 
soUd  state,  being  most  fi^uently  and  readily  procured  in  the 
form  of  syrup ;  the  taste  of  this  is  less  sweet,  less  decided ;  it 
exists  in  the  grape  and  the  greater  niunber  of  fiiiits.  The 
chemical  characters  of  these  two  kinds  of  sugar,  which  are  de- 
signated cane-sugar  and  grape-sugar,  are  somewhat  different ; 
and  the  el^ant  researches  of  M.  Biot  have  shown,  that  firom 
some  of  their  physical  properties,  particularly  the  action  of 
then:  solutions  upon  poWised  light,  they  cannot  be  regarded 
as  constituting  one  and  the  same  species.  In  the  vegetable 
kingdom,  these  two  kinds  of  sugar  are  fi^uently  met  with 
mixed ;  and  there  are  certain  chemical  means  which  enable  us 
readily  to  transform  cane-sugar  into  grape-sugar.  The  inverse 
transformation  has  not  yet  been  accomplished ;  but  there  is  no- 
thing which  leads  us  to  conclude  that  it  is  impossible ;  and  the 
time  perhaps  is  not  very  remote  when  the  sugar  which  is  manu- 
fiictured  from  potato-starch  may  be  changed  into  crystallized 
sugar,  similar  to  that  which  is  obtained  fit)m  the  cane. 

Orygtallvsed  sugar.  Cane-sugar  is  readily  obtained  in  large 
transparent  crystals,  which  are  known  under  the  name  of  sugar- 
candy.  Sugar  is  fusible ;  under  the  action  of  a  regulated  tem- 
perature, it  acquires  a  dark-red  colour,  and  passes  into  the  state 
of  caramel ;  a  higher  temperature  effects  its  decomposition.  It 
is  much  less  soluble  in  alcohol  than  in  water ;  highly  concen- 
trated alcohol  indeed  only  dissolves  an  extremely  small  quantity 
of  sugar. 

M.  Peligot's  analysis  of  cane-sugar  shews  it  to  be  com- 
posed of: 
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Carbon 42.1 

Hydrogen  ....       6.4 

Oxygen    •         .        .         .         •     51.5 

100.0* 

Such  is  the  composition  of  sugar  dried  at  the  temperature  of 
boiling  water ;  but  the  substance,  like  the  majority  of  organic 
matters,  still  contains  a  certain  proportion  of  constitutional  water, 
which  it  abandons  when  it  combines  with  certain  bases.  Thus 
sugar  combines  with  oxide  of  lead,  and  forms  a  true  saccharate, 
in  which  the  sugar  deprived  of  its  water  of  constitution,  plays 
the  part  of  an  acid ;  this  combination,  which  presents  itself  to 
us  under  the  form  of  white  mammillated  crystals,  analysed  by 
M.  Peligot,  would  mdicate  the  following  as  the  composition  of 
anhydrous  sugar : 

Carbon 47.1 

Hydrogen           ....       5.9 
Oxygen 47.0 

100.0 

Ordinary  sugar,  deprived  of  its  water  of  composition  in  any 
other  way,  has  the  same  elementary  composition ;  thus  caramel 
obtained  by  heating  sugar  to  180**  cent.  (356**  Fahr.)  until  it  no 
longer  loses  watery  vapour,  has,  according  to  M.  Peligot,  the 
composition  of  anhydrous  sugar,  such  as  it  is  found  in  combi- 
nation with  oxide  of  lead. 

Setting  aside  all  theoretical  considerations,  it  is  obvious  that 
to  have  anhydrous  sugar  reconstituted  ordinary  hydrated  sugar,  it 
were  necessary  to  add  to  100  parts  11.76  of  water,  containing 
1.3  hydrogen  and  10.46  oxygen,  the  1 1 1.76  parts  then  contain 
in  elements : 

Carbon      .     .        47.1     per  cent      42.1     common  sugar. 
Hydrogen  7.2  „  6.4  „ 

Oxygen     .     .      57.46  „  51.5  „ 

ril.76  100.0 

Common  sugar  may  therefore  be  viewed  as  composed  of  1 00 
anhydrous  sugar,  and  11.8  water. 

The  whole  of  the  sugar  which  comes  from  South  America 

*  Annales  de  Chimie,  vol.  lxviii,  p.  124,  2e  s^rie. 
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and  the  West  Indies,  and  a  large  proportion  of  that  which 
cx>mes  from  the  East  Indies,  is  extracted  from  the  juice  of  the 
sugar-cane. 

In  America  three  principal  varieties  of  sugar-cane  are  culti- 
vated, the  Creole,  the  Batavian,  and  the  Otaheitan.  The  Creole 
cane  has  the  leaf  of  a  deep  green,  the  stem  slender,  the  knots 
very  dose  together.  This  species,  a  native  of  India,  reached  the 
new  world  after  having  passed  through  Sicily,  the  Canaries,  and 
the  West  India  Islands.  The  Batavian  cane  is  indigenous  in 
the  Island  of  Java ;  its  foliage  is  very  broad  and  has  a  purple 
tint ;  the  sap  of  this  variety  is  much  employed  in  making  rum. 
The  Otaheite  cane  is  that  which  is  most  extensively  grown  at  the 
present  time ;  it  was  introduced  into  the  West  India  Islands  and 
ne^hbooring  continent  by  Bougainville,  Cook,  and  Bligh  in 
their  several  voyages,  and  is  certainly  one  of  the  most  important 
acquisitions  which  the  agriculture  of  tropical  coimtries  owes  to 
the  voyages  of  naturalists.  This  variety  of  cane  grows  with  ex- 
traordinary vigour :  its  stem  is  taller,  thicker,  and  richer  in  juice 
than  that  of  the  other  species.  I  observed  it  along  the  whole  coast 
of  Venezuela,  of  New  Grenada,  and  of  Peru ;  far  from  having 
d^enerated  by  its  transplantation  to  the  American  continent,  it 
appears  to  have  preserved  all  its  original  qualities  without  altera- 
tion. 

The  sugar-cane  is  propagated  by  cuttings.  Pieces  of  the  stem 
about  1 8  or  20  inches  long,  and  having  several  buds  or  eyes,  are 
l^aced  two  or  three  together  in  holes  a  few  inches  in  depth,  and 
are  covered  with  loose  moist  earth.  From  a  fortnight  to  three 
weeks  are  required  for  the  shoots  to  show  themselves  above 
ground.  The  space  to  be  left  between  each  clump  of  plants  de- 
pends much  on  the  fertility  of  the  soil ;  in  the  most  fertile  soils 
the  distance  may  be  about  a  yard,  or  a  little  more;  and  along  the 
rows  the  spaces  may  be  about  1 8  inches.  Where  land  is  of  no 
great  value  it  is  found  more  advantageous  to  give  greater  space, 
and  so  to  favour  the  access  of  the  air  and  the  light.  It  is  not 
UDConunon  to  see  plantations  where  the  canes  are  spaced  at  dis- 
tances of  between  4  and  5  feet.  The  time  at  which  the  setting 
of  the  slips  takes  place  cannot  be  definitively  indicated  ;  it  de- 
pends entirely  upon  the  epoch  at  which   the  periodical  rains 
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are  anticipated.  But  in  places  where  irrigation  is  possible,  the 
setting  goes  on  through  all  the  months  of  the  year.  The  holes  for 
the  reception  of  the  slips  are  usually  dug  with  a  hoe,  and  a  n^ro 
will  make  from  sixty  to  eighty  holes  in  the  course  of  a  day.  When 
the  ground  has  been  previously  ploughed,  as  it  is  in  some  of  the 
West  India  Islands,  he  will  make  twice  as  many.  Loose  rich 
soils  when  they  have  a  certain  moisture,  are  the  best  adapted  to 
the  sugar-cane ;  it  does  not  thrive  in  an  argillaceous  soil,  which 
drains  with  difficulty.  In  these  moist  soils  the  slips  are  not  laid 
horizontally  and  covered,  but  with  one  end  projecting  a  little 
way  out  of  the  ground.  When  the  young  shoots  are  covered 
with  narrow  and  opposed  leaves,  watering  is  particularly  advan* 
tageous,  and  the  plants  are  repeatedly  hoed  until  they  have  ac- 
quired sufficient  vigour  to  choke  noxious  weeds.  About  the  9th 
month  after  the  plantation  of  the  slips,  the  shaft  of  the  sugar-cane 
begins  to  lose  its  leaves,  the  most  inferior  falling  first,  the  others 
in  succession,  so  that  when  arrived  at  maturity,  it  only  presents 
a  tuft  of  terminal  leaves.  The  flowering  generally  takes  place 
with  the  conclusion  of  the  year ;  and  the  cane  is  held  sufficiently 
ripe  in  from  two  to  three  months  after  this  epoch,  when  the  stem 
has  acquired  a  yellow  or  straw  colour.  The  planters,  however, 
are  by  no  means  agreed  as  to  the  proper  period  of  the  sugar-cane 
harvest, — some  even  insist  upon  cutting  before  the  flowering,  be- 
fieving  that  the  quantity  of  sugar  diminishes  on  the  appearance 
of  the  flower.  It  is  unquestionable,  however,  that  the  period 
that  elapses  between  the  planting  and  the  harvest,  must  vary 
with  the  nature  of  the  soil,  and  especially  with  that  of  the  climate ; 
whilst  in  some  places  the  cane  may  be  cut  when  it  is  a  year  old, 
doubtless  there  are  others  where  it  requires  to  stand  from  fifteen 
to  sixteen  months.  In  Venezuela,  where  the  Otaheite  cane  is 
grown  at  the  level  of  the  sea,  and  where  the  mean  temperature 
of  the  year  is  b^ween  8 1*  and  82*  Fahr.,  the  cane  ripens  accord- 
ing to  Colonel  Codazzi  in  eleven  months.  In  districts  at  greater 
elevations  under  the  same  parallels  of  latitude,  where  the  climate 
is  of  course  not  so  hot,  the  cane  requires  a  longer  time  to 
come  to  maturity ;  where  the  mean  temperature  is  about  78* 
Fahr.  twelve  months  are  required ;  where  it  is  about  74*  Fahr. 
fourteen    months  become    necessary;    and    where  it  is    no 


SUGAR-CANE.  143 

more  than  about  67^  Fahr.,  sixteen  months  are  requisite.*  The 
Otaheite  cane  grows  to  very  different  heights ;  in  very  favour- 
able circumstances  it  will  reach  a  height  of  16  feet  and  up- 
wards, but  its  general  height  may  be  stated  at  from  9^  to  10^ 
feet  Great  cane  plantations  are  divided  into  squares  of  from 
100  to  120  yards  on  the  side,  each  of  which  coming  to  maturity 
in  succession,  the  labour  is  easily  performed,  both  in  regard  to 
field-work  and  the  mauu&ctiu^  of  the  sugar. 

The  cane  is  cut  close  to  the  root,  and  before  being  carried  to 
the  mill,  the  terminal  tuft  of  leaves  is  struck  off.  These  heads  in 
the  green  state  afford  excellent  food  for  horses  and  cattle ;  when 
dry  they  are  used  for  thatching  houses.  After  the  first  cutting, 
fresh  q[ffouts  arise,  which  require  no  other  attention  than  hoeing. 
In  good  soils  one  planting  will  yield  five  or  six  harvests  by  suc- 
cesfflve  shoots ;  but  I  have  heard  planters  affirm,  that  the  produce 
in  sugar  diminishes  fit)m  year  to  year.  In  Venezuela,  cane-pieces 
are  replanted  every  five  or  six  years. 

The  cane  with  its  top  struck  off  is  carried  to  the  mill,  where 
the  juice  is  expressed,  and  the  stems  which  are  spoken  of  under 
the  name  of  trash,  are  dried  and  used  as  fuel. 

The  expressed  juice  contains  crystallizable  sugar,  an  azotised 
substance  analogous  to  albumen,  and  some  saline  matters  dissolved 
in  a  large  quantity  of  water,  which  is  dissipated  by  boiling,  and 
the  sugar  finally  won  by  crystallization.  The  manufacturing 
process  is  conducted  with  very  different  degrees  of  perfection  in 
different  places.  In  some  the  produce  is  obtained  almost  without 
admixture  of  molasses,  in  others  the  quantity  of  this  artide  which 
drains  away  fix)m  the  sugar  is  very  large.  It  is  now  generally 
agreed  thiU;  molasses  proceeds  in  great  part  fit)m  imperfections 
in  the  manu&cturing  processes  employed,  especially  to  changes 
which  the  sugar  undergoes  in  the  course  of  its  concentration  by 
boiling  at  a  high  temperature.  By  the  employment  of  what 
are  called  vacuum  pans  of  various  construction — ^pans  firom  which 
the  pressure  of  the  atmosphere  is  removed  either  by  the  air-pump, 
or  the  condensation  of  the  vapour  as  fast  as  it  is  formed,  rapid 
evaporation  is  effected  at  a  temperature  much  below  that  of 
boiling  water,  by  which  it  is  found  that  the  relative  quantity  of 

*  Codazzi,  Geography  of  Venezuela,  p.  141. 
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sugar  to  that  of  molasses  is  greatly  increased.  It  was  long 
believed,  indeed,  and  that  on  the  authority  of  the  first  chemists, 
that  there  were  two  kinds  of  sugar  contained  in  the  sugar-cane, 
one  crystallizable,  the  other  imcrystallizable,  and  constituting 
the  molasses  or  treacle.  The  researches  of  M.  Peligot*  have 
shown  definitively  that  this  conclusion  is  erroneous,  that  the 
cane  contains  no  sugar  that  is  not  crystallizable,  and  that  the 
preexistence  of  uncrystallizable  sugar  or  molasses  is  entirely 
chimerical.  M.  Plagne  had  indeed  come  to  the  same  conclusion 
some  considerable  time  ago — as  far  back  as  1826  ;  but  his 
labours  were  not  made  known  by  publication  till  1 840.  M. 
Casaseca,  professor  of  chemistry  at  Havannah,  has  very  lately 
confirmed  these  conclusions,  so  important  for  the  sugar  husbandry 
of  the  world.t  The  composition  of  the  juice  of  the  sugar  cane 
is  therefore  less  complex  than  it  was  once  believed  to  be ;  making 
abstraction  of  very  minute  quantities  of  an  albuminous  azotised 
substance,  of  several  salts  and  a  little  silica,  substances  which 
altogether  do  not  amount  to  more  than  two  or  three  hundredths, 
cane  juice  may  be  said  to  consist  of  water  and  of  crystallizable 
sugar  in  the  proportion  of  fi^om  17  to  20  per  cent.J  The 
Otaheite  cane  analyzed  by  M.  Peligot  actually  yielded : 

Water        .         .         .         72.1 
Woody  matter     .         .  9.9 

Soluble  matter  (sugar)  18.0 

100.0 

This  conclusion  was  verified  by  M.  Dupuy  at  Guadaloupe  in 
1841,  who,  operating  on  the  spot,  found  the  composition  to  be 
as  follows : 

Water         .         .         .  72.0 

Woody  matter     .         .  9.8 

Soluble  matter  (sugar)  17.8 

Salts            ...  0.4 


100.0 

The  analyses  of  the  Creole  cane  made  by  M.  Casaseca  at 

*  Ami.  Maritimes  et  Coloniales,  Aug,  1842. 
t  Vide  Comptes  Rendus,  1844. 
i  Peligot,  op.  cit. 
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fibre: 


appears 


woody 


Water 
Wood 
Sugar 


65.9 

16.14 

17.7 

100.0 


The  quantity  of  sugar  yielded  by  the  cane,  differs  considerably. 
M.  Codazzi  assigns  6  and  1 5  per  cent  as  the  extremes,  and  7^ 
pa*  cent,  as  the  mean.  M.  Dupuy  gives  7.1  per  cent,  as  the 
average.  The  quantity  is,  of  course,  first  and  most  intimately 
connected  with  the  quantity  of  juice  obtained.  But  the  produce 
of  juice  is  extremely  variable.  In  Guadaloupe  the  juice  varies 
between  56  and  62  per  cent,  of  the  cane  subjected  to  pressure. 
The  g^ierality  of  mills  do  not  in  fact  enable  us  to  obtain  more 
than  about  56  per  cent.  At  New  Orleans  the  usual  quantity 
obtained  is  said  to  be  50,  and  in  Cayenne  only  36  per  cent.  At 
Havannah,  according  to  M.  Casaseca,  the  ribbon  cane  yields  45, 
the  crystalline  35,  and  the  Otaheitan  56  per  cent,  of  juice. 

The  Otaheite  cane  was  examined  by  M.  Peligot  under  a  variety 
of  circumstances  of  age,  growth,  part  of  plant,  &c.  &c.  The 
following  table  contains  the  condensed  results  of  his  experiments  : 


First  shoots     •         .         •         • 

Water. 

Soluble  matters 
(■ugar). 

Woody  fibre. 

73.4 

17.2 

8.9 

Second  do.  from  original  sprouts 

71.7 

17.8 

10.5 

Third    do.  frt>m  second      do. 

71.6 

16.4 

12.0 

Fourth  do.  from  third         do. 

73.0 

16.8 

10.2 

Inferior  part  of  cane 

73.7 

15.5 

10.8 

Middle  part  of  do.           • 

72.6 

16.5 

10.9 

Superior  part  of  do. 

72.8 

15.5 

11.7 

Knots     •         •         •         •         . 

70.8 

12.0 

17.2 

Cane  of  eight  months 

73.9 

18.2 

7.9 

Cane  of  ten  months 

72.3 

18.5 

9.2 

It  would  therefore  appear,  making  exception  always  of  the 
knots  which  occur  in  the  course  of  a  cane,  that  the  composition 
of  the  plant  in  its  various  states  and  conditions,  is  almost 
identical.  M.  Peligot*s  important  paper,  whilst  it  informs  us  of  the 
average  composition  of  the  Otaheite  cane,  satisfies  us  that  the 
gummy  and  mucilaginous  substances  and  the  uncrystallizable 
sugar,  the  existence  of  whidi  was  held  as  demonstrated,  are,  in 
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fact,  nowise  constituents  of  the  sugar  cane.  Whence  we  may 
conclude  with  M.  Peligot  that  every  drop  of  molasses  which 
drains  from  the  sugar  is  the  produce  of  the  manufacture ;  an 
opinion  to  which  I  assent  the  more  readily  from  having  myself 
seen  oftener  than  once,  the  juice  of  the  cane  yield  nothing  but 
crystallizable  sugar.  These  analyses  fiuther  demonstrate  more 
powerfully  than  could  any  discussion,  the  imperfection  of  the 
processes  usually  followed  in  manufacturing  sugar.  They  prove 
in  fact  that  in  the  mill  rather  more  than  a  third  of  the  whole 
juice  contained  in  the  cane  is  left  in  the  trash.  This  loss  might 
be  considerably  diminished  were  more  perfect  pressure  employed 
in  extracting  the  juice.  But  it  appears  that  the  planters  are 
indisposed  to  crush  the  trash  too  much,  as  by  this  it  is  rendered 
less  fit  for  fuel,  a  considerable  quantity  of  which,  by  the  present 
mode  of  manufacture,  is  indispensable.  M.  Dupree,  however, 
says  that  by  insisting  on  obtaining  from  65  to  66  per  cent,  of 
juice  in  all  cases,  the  trash  is  still  left  with  all  its  value  as  a  com- 
bustible. The  trash  on  coming  from  the  mill  appears  quite  dry. 
I  have  seen  some,  which,  after  having  been  pressed  twice  con- 
secutively, looked  as  if  it  were  impossible  by  any  farther  amount 
of  pressure  to  express  more  liquid.  Nevertheless  it  was  enough 
to  taste  this  pressed  cane,  to  be  satisfied  that  it  still  contained  a 
considerable  quantity  of  sugar.  To  procure  this  without  using 
more  powerful  machinery,  M.  Peligot  proposed  to  steep  the  trash 
in  water,  and  to  press  it  a  second  time.  By  this  means  a  weak 
juice  is  obtained,  which  added  to  the  first  pressings,  raises  the 
produce  of  sugar  from  7  to  1 0  per  cent,  upon  the  whole  amount 
of  cane  employed.  By  following  this  process,  suggested  by 
theory,  upon  the  great  scale,  M.  Dupree  has  succeeded  in  obtain- 
ing ^th  more  than  the  usual  quantity  of  sugar  without  making 
any  change  in  his  apparatus  and  without  finding  the  trash  too 
much  shaken  to  be  biwned  under  his  coppers.*  In  some  cir- 
cumstances the  increase  in  the  quantity  of  juice  which  this  pro- 
cedure implies,  might  be  found  an  objection  on  account  of  the 
larger  quantity  of  fuel  acquired  for  its  evaporation ;  but  wherever 
a  supply  of  wood  is  to  be  had,  M.  Peligot's  method  ought 
undoubtedly  to  be  applied. 

*  Peligot,  Maritime  and  Colonial  Annals,  August,  1842* 
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The  very  dissimQar  quantities  of  crystallizable  sugar  obtmned 
from  canes  which  as  we  have  seen  all  contain  very  nearly  the 
same  quantity  of  this  substance,  prove  that  the  processes  of  con- 
centration and  purification  of  the  sap  also  contribute  to  the  loss 
which  has  been  indicated.     M.  Peligot  has  pointed  out  several 
causes  which  concur  to  deteriorate  sugar ;  among  the  number : 
1.  A   viscous  fermentation  which  renders  the  sap   thick   and 
stringy,  like  mucilage,  by  which  the  boiling  becomes  difficult  and 
the  crystallization  of  the  sugar  which  has  escaped  change,  is  ren- 
dered imperfect.    2.  An  acidity  which  takes  place  when  the  juice 
is  not  run  at  once  into  the  coppers  and  boiled,  an  acidity  which 
requires  the  addition  of  lime  to  destroy  or  to  prevent  it.      The 
alkaline  earth,  as  I  have  had  occasion  to  say,  is  by  no  means  in- 
dispensable ;  its  utility  under  ordinary  circumstances  is  probably 
coniGb[ied  to  assisting  the  defecation  by  forming  an  insoluble  pre- 
cipitate with  some  of  the  organic  substances  which  are  always 
met  with  in  small  quantities  in  cane  juice  ;    perhaps  also  to 
making  an  earthy  soap  with  the  fatty  matters  which  adhere  to 
the  cane  and  are  expressed  in  the  crushing.  When  lime  is  added, 
to  correct  acidity,  it  forms  an  acetate  or  a  lactate,  salts  which  are 
peculiarly  soluble,  uncrystallizable,  and  which  necessarily  retain 
a  quantity  of  sugar  in  the  syrupy   state.     3.     The  presence 
of  certain  mineral   salts  in  the  cane.      Common  salt  for  in- 
stance,  in   combining   with  sugar  forms  a  deliquescent    com- 
pound, in  which  one  part  of  salt  is  united  with  six  parts  of 
sugar ;  such  a  compound  as  this  of  course  renders  a  large  quan- 
tity of  syrup  indisposed  to  crystallize.     It  is  therefore  impossible 
to  be  too  cautious,  according  to  M.  Peligot,  in  the  choice  of 
manure  for  a  cane-field ;  that  which  contains  any  common  salt 
must  needs  be  injurious  in  one  way,  however  advantageous  it 
may  be  in  another.  The  entire  absence  of  this  salt  in  the  soil  of 
plantations  wluch  are  very  remote  from  the  sea  shore  is  perhaps 
one  of  the  causes  which  increases  the  quantity  of  sugar  obtained 
from  the  crop,  and  makes  it  more  easily  manufactured  in  such 
districts. 

M.  Codazzi  reckons  the  quantity  of  white  sugar  produced  by 
a  hectare  of  land  (2.473  acres),  planted  with  the  Otaheite  cane 
in  the  province  of  Caraccas,  at  1875  kilogrammes,  or  36cwt.  3qrs. 

L  2 
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91bs.  avoir. ;  which  is  at  the  rate  of  15  cwt.  1  qr.  lOlbs.  per  acre. 
Taking  7^  per  cent  as  the  average  quantity  of  sugar  obtained, 
the  weight  of  cane  brought  to  the  mill  must  obviously  have 
amounted  to  19134  kilog.  or  18  tons,  1 5  cwt.  3qrs.  and  lOlbs. ; 
or  7  tons,  1  Icwt.  Sqrs.  25lbs.  per  acre.  Assuming  the  average 
composition  of  the  plant  to  be : 

Wood  (dry)      .         .         .        II. 0 
Sugar  (minimum)    .  15.5 

Water    ....        73.5 


100.0 

One  acre  of  land  wiU  consequently  yield  a  crop  of: 

tons.      cwt.         qra.       Ibt. 

Wood  (dry)  ..  0  16  2  24 
Sugar  ...  1  3  2  6 
Water     ...         5       11         2       12 


11         3       25 


The  trash  of  the  sugar-cane  undergoes  rapid  fermentation :  it 
soon  exhales  a  distinct  smell  of  vinegar,  and  almost  the  whole 
of  the  sugar  which  is  left  in  it  is  destroyed. 


BBBT   ROOT   SUGAR. 


The  presence  of  sugar  in  the  beet  was  observed  by  Margraff ; 
and  Achard  of  Berlin  by  and  by  attempted  the  extraction  of  this 
sugar  on  the  large  scale ;  but  it  was  only  during  the  period  of 
the  continental  system  that  the  manufacture  of  sugar  from  the 
beet  acquired  such  perfection  in  France  as  made  it  profitable. 
The  beet  so  generally  cultivated  at  the  present  time  is  derived, 
according  to  Thaer,  fix)m  the  Beta  vulgaris.  The  two  princi- 
pal varieties  of  this  root  are  the  red  beet,  which  has  been  grown 
for  a  very  long  time  in  kitchen  gardens,  and  the  white  beet. 
Between  these  two  extremes  there  are  numerous  varieties  having 
a  flesh  colour  of  various  intensity,  a  yellow  tint,  &c.  The  seeds 
of  the  same  plant  in  fact  frequently  produce  varieties  of  decidedly 
different  shades  of  colour ;  the  red  and  the  white  beet,  however, 
appear  to  be  the  most  constant ;  and  Thaer  has  said  that  the  in- 
termediate varieties  are  crosses  between  them. 

The  field  beet  has  a  large  root  which  grows  in  great  part 
above  the  ground ;  it  is  a  very  hardy  plant  which  has  been  culti- 
vated for  a  very  long  time  in  various  parts  of  the  continent  as 
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food  for  cattle,  and  is  now  also  very  common  in  England.  The 
root  which  has  hitherto  been  preferred  for  the  manufacture  of 
sugar,  is  conical,  of  a  rose  colour  without,  and  its  concentric  in- 
ternal layers  are  also  coloured  ;  but  it  appears  that  the  white  beet 
of  Silesia  is  the  more  productive.  The  beet  thrives  in  almost  all 
kinds  of  soil  provided  only  they  be  sufficiently  manured.  In 
Alsace  it  succeeds  in  light,  and  in  strong  argillaceous  soils 
indifferently.  Another  precious  quality  which  this  root  possesses 
is  that  of  succeeding  in  the  most  dissimilar  climates  :  it  is  grown 
to  purpose  both  in  the  north  and  in  the  south  of  France. 

The  beet  is  sown  at  once  in  the  field,  or  in  a  bed  and  trans- 
planted ;  the  latter  method  appears  now  to  obtain  a  decided  pre- 
ference inasmuch  as  it  leaves  plenty  of  time  for  the  preparation 
of  the  soil,  and  especially  for  accumulating  and  carrying  out 
manure. 

In  a  piece  of  ground  well  broken  up  by  delving  or  ploughing, 
and  highly  manured,  which  need  not  be  of  greater  extent  than 
^th  of  the  entire  surface  to  be  planted,  the  seed  is  sown  in  lines 
or  drills  as  soon  as  the  spring  fi^osts  are  no  longer  to  be  appre- 
hended. The  transplanting  in  the  east  of  France  takes  place 
about  the  middle  of  May,  and  even  in  the  beginning  of  June. 
The  plants  are  generally  set  about  1 5  inches  apart.  In  the 
north  the  beet  harvest  does  not  begin  before  the  end  of  Septem- 
b«r,  and  generally  ends  in  the  course  of  the  month  of  October. 
The  gathering  is  delayed  as  long  as  possible,  inasmuch  as  the 
roots  increase  visibly  to  the  very  end  of  the  season.  But  gather- 
ing the  beet  at  a  very  late  period  in  those  countries  where  the 
winter  seed  has  to  follow  this  crop,  is  attended  with  more  than 
one  disadvantage.  Without  spesJdng  of  the  difficulties  that  are 
incidental  to  wet  seasons,  a  late  seed  time  is  generally  unfavour- 
able for  wheat.  To  meet  this  difficulty  I  have  been  accustomed 
for  some  time  to  take  up  my  crop  of  beet  at  the  period  when  it 
became  necessary  to  prepare  the  land  for  winter  seed,  that  is  to 
say  more  than  a  month  before  the  general  harvest  of  the  root. 
In  doing  so  I  relied  upon  the  interesting  fact  ascertained  by  M. 
Peligot  in  the  course  of  his  chemical  inquiries,  viz  :  that  the  com- 
position of  the  beet  is  identical  at  every  age.  In  this  prema- 
ture or  antidpated  beet  harvest,  a  less  weight  of  root  is  of 
course  gathered  than  would  have  been  obtained  at  a  later  period ; 


150  BEET   AND    BEET-SUGAR. 

but  the  nutritious  powers  of  these  beet  roots  are  the  same  as 
they  would  ever  have  been.  The  grand  questions  to  be  determin- 
ed were,  whether  the  roots  would  keep  or  not,  and  whether  the 
cattle  would  eat  them  from  the  pile  as  freely  as  from  the  field. 
All  this  was  ascertained  in  the  course  of  the  winter :  the  beet 
kept  perfectly,  the  cattle  ate  it  as  freely  as  ever.  The  pro- 
cedure to  be  adopted  therefore  to  secure  a  crop  of  beet  of  ave- 
rage weight,  storing  nevertheless  some  considerable  time  before 
the  usual  period,  is  simply  to  transplant  somewhat  more  closely, 
and  to  put  less  space  between  the  drills.  If  experience  decides 
in  favour  of  this  method,  the  sole  inconvenience  which  attends 
the  cultivation  of  the  beet  in  a  freshly  manured  soil,  and  as  the 
first  crop  in  the  rotation,  that  namely  of  causing  a  late  and  un- 
favourable seed  time  for  winter  corn,  will  be  completely  got  over. 

The  beet  which  grows  above  the  ground  is  best  gathered  with 
the  hand ;  kinds  that  grow  under  ground  require  to  be  loosened 
by  running  a  plough  along  the  drill,  &c.  In  Alsace  it  is  the 
custom  to  take  away  the  leaves,  and  to  trim  the  roots  upon  the 
ground ;  the  refiise  thus  obtained  constitutes  a  considerable  mass 
of  manure  which  it  is  well  to  plough  in  immediately. 

To  extract  the  sugar  of  the  beet  the  plant  is  washed  aud 
rasped,  and  the  pulp  is  then  subjected  to  the  action  of  a  power- 
fill  press.  Like  the  juice  of  the  cane,  the  juice  of  the  beet 
speedily  undergoes  a  change ;  it  is  therefore  immediately  heated 
to  70°  cent,  or  158"*  Fahr.  and  a  little  lime  is  mixed  with  it  to 
neutralize  acid  and  favour  the  clarification,  by  combining 
with  albiunen.  The  liquor  is  skimmed,  and  in  the  course  of 
an  hour  becomes  quite  limpid,  and  of  a  pale  yellow  colour.  The 
liquor  is  then  run  upon  a  filter  containing  animal  charcoal,  and 
from  that  is  transferred  to  a  boiler  where  it  is  properly  reduced, 
the  process  being  in  all  respects  the  same  as  in  the  manufacture 
of  cane  sugar. 

In  France,  the  produce  of  each  1 1  Olbs.  weight  of  beet  is  es- 
timated at  4.56,  or  somewhat  more  than  4^1bs.  of  white  sugar. 
The  amount  of  loss  in  the  manu&cture  may  be  conceived  from 
the  actual  composition  of  the  beet,  which,  by  the  process  fol- 
lowed by  M.  Peligot,*  and  which  consists  essentially  in  drying  a 

*  Recherches  sur  I'analyse  de  la  betterave  k  aucre. 
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certain  weight  of  the  root,  cut  into  thin  slices,  and  then  ex- 
hausting the  matter  with  boiling  alcohol  of  moderate  density, 
appears  to  contain  from  4  or  5,  up  to  9,  10,  11,  and  even 
nearly  1 2  per  cent,  of  sugar.  This  analysis  of  M.  Peligot  has 
been  confirmed  by  the  experiments  of  M.  Braconnot*,  who 
found  the  white  beet  of  Silesia  to  have  a  very  complex  composi- 
tion, comprising  as  many  as  twenty-one  different  ingredients, 
among  the  number  crystallizable  sugar,  albumen,  woody  matter, 
phosphate  of  magnesia,  phosphate  of  lime,  oxalate  of  potash,  and 
oxalate  of  lime,  oxide  of  iron,  an  ammoniacal  salt  in  small  quan- 
tity, &c.  On  an  average  the  analysis  of  M.  Peligot  would  lead  us 
to  conclude,  that  the  beet  contained  in  1 00  parts  : 

Water 87 

Matter  soluble  in  water  (sugar       .       8 
Insoluble  substances,  (woody  tissue)     5 

100 

from  which  it  appears  that  no  more  than  about  ^ths  of  the 
sugar  contained  in  the  beet-root  is  extracted.  As  in  crushing 
the  cane,  so  in  squeezing  the  rasped  pulp  of  the  beet,  a  part 
of  the  loss  is  owing  to  a  certain  quantity  of  sugar  being  left  in 
the  expressed  pulp.  In  fact,  with  the  presses  generally  in  use, 
whilst  from  60  to  70  per  cent  of  juice  is  obtained,  the  root  ac- 
tually contains  95  per  cent.  The  loss  here,  however,  is  of  less 
consequence  than  it  is  in  the  cane,  the  trash  of  which  is  used 
for  fiid,  whilst  the  pulp  of  the  beet  serves  as  food  for  cattle. 
The  pulp,  indeed,  is  found  to  possess  very  nearly  the  same 
amount  of  nutritive  power  as  the  root  which  produced  it. 

One  of  the  considerations,  which  is  perhaps  of  highest  impor- 
tance in  connexion  with  the  production  of  sugar  from  the  beet  is 
inherent  in  the  difficulty  of  preserving  the  root  after  it  is  full- 
grown.  Gathered  at  the  end  of  autumn  the  root  suffers  no  less 
from  severe  frost,  than  it  does  from  mild  open  weather :  frost 
destroys  its  organization,  and  in  mild  winters  vegetation  con- 
tinues at  the  expense  of  the  sugary  principle,  which  had  been 
formed  during  the  growth.  If  the  beet  actually  contains  at  every 
period  of  its  existence  the  same  quantity  of  sugar  with  reference 

*  Annales  de  Chimie,  vol.  lxxii.  page  442,  2nd.  scries. 
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to  its  weight,  there  would  probably  be  a  great  advantage  in  not 
waiting  for  the  period  of  complete  maturity,  by  sowing  somewhat 
thicker  than  wont ;  any  difference  of  weight  would  probably  be 
made  up,  and  then  there  would  be  no  risk  of  loss  from  keeping. 
The  quantity  of  beet  gathered  from  a  given  extent  of  land 
necessarily  varies  with  the  soil,  the  pains  bestowed  upon  the  crop, 
and  the  quantity  of  manure  that  has  been  used ;  the  following 
are  a  few  particulars  from  official  documents : 

rROOPCB  riR  ACRS. 

Ton.         Cwt.       On.       Lbs. 

Pas  de  Calais 12  9         1       19 

Department  of  the  North         .         .         .12         10        2       25 
Department  of  Cher         .         .         •         .     15  1       39 

but  in  other  departments  the  produce  is  considerably  smaller,  so 
that  the  average  for  the  whole  country  has  been  estimated  at  not 
more  that  10  tons,  9  cwt.  1  qr.  13  lbs.  per  acre;  an  average 
which  approaches  very  closely  to  that  which  I  have  obtained 
from  my  own  farm  at  Bechdbronn,  calculated  during  a  period 
of  seven  years. 

Assuming  4j|ths  lbs.  of  sugar  to  be  obtained  fix)m  every 
1 1  Olbs.  of  beet,  the  produce  in  sugar  from  an  English  acre  in 
the  course  of  seven  months  will  amount  in  the  present  state 
of  things  to  9  cwt.  2  qrs.  and  7  lbs.    By  way  of  comparison  I 
shall  here  remind  the  reader  that  an  English  acre  of  land  laid 
out  in  Otaheite  sugar  cane  yields  in  the  course  of  about  four- 
teen months,  15  cwt.  1  qr.  lOlbs.   I  find  from  my  accounts  for 
1841,  that  to  manage  an  English  acre   of  land  under  beet-root 
in  Alsace,  45.6  days  of  a  man,  and  14.1  days  of  a  horse  was 
the  amount  of  labour  expended.      In  a  document  upon   the 
sugar   plantations  of   Guadaloupe  which   I    have   seen,    it   is 
stated  that  a  domain  of  150  hectares,  or  370  acres  is  worked  by 
150  negroes,  which,  reckoning  the  time  that  the  crop  is  on  the 
ground,  at  fourteen  months,  would  bring  the  number  of  days 
labour  by  a  man,  to  171.8  per  English  acre.     Such  an  ex- 
penditure of  labour  must  in  the  nature  of  things  absorb  the 
greater  part  of  the  profits ;  and,  indeed,  in  a  commission  of 
inquiry  into  the  laws  connected  with  the  sugar  trade,  it  was 
shewn  in  reference  to  the  plantation  in  question,  that  the  cost 
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of  cultivation  and  manufacture  was  equal  to  the  value  of  the 
produce.  Still  the  cane  presents  one  considerable  advantage 
over  the  beet,  that  namely,  of  furnishing  the  fuel  necessary  to 
the  boiling,  an  advantage  which  wiU  be  better  imderstood,  when 
it  is  known,  that  in  the  manu&cture  of  every  1 1  Olbs.  weight  of 
beet  sugar,  the  consumption  of  coal  amounts  to  22lbs. 

In  countries  where  sugar  is  cheap,  it  becomes  an  ordinary 
article  of  diet ;  in  the  public  market  places  of  the  great  towns 
of  South  America,  one  of  the  rations  commonly  exposed  for 
sale  consists  of  brown  sugar  and  cheese.  M.  Codazzi  estimates 
the  quantity  of  sugar  consumed  by  each  inhabitant  of  Venezuela 
at  11  Olbs.  In  England  it  amounts  to  about  22lbs.  In  Ireland 
to  no  more  than  4lbs.  and  j^ths.  In  Holland  it  is  1  Sfjbs.  In 
fVanoeitis  8^bs.  In  Italy  2folbs,  and  m  Russia  but  If^lb. 
per  head. 

Maple  sugar.  {Acer  saccharinum.)  The  maple  is  very 
common  in  the  east  of  the  United  States  of  America.  The  tree 
is  occasionally  met  with  in  clumps  of  several  acres  in  extent,  but 
it  is  more  commonly  found  dispersed  in  the  forest,  growing 
among  pines,  poplars,  ashes,  &c.  The  tree  grows  particularly 
in  rich  soils,  and  attains  the  height  of  the  oak ;  the  trunk  being 
often  more  than  3  feet  in  diameter.  The  maple  becomes  covered 
with  flowers  in  the  spring  before  the  appearance  of  the  leaves. 
It  is  supposed  to  be  in  its  prime  at  the  age  of  about  twenty 
years.  The  sap  of  the  maple  is  obtained  by  piercing  the  trunk 
to  the  depth  of  from  6  to  10  inches.  A  piece  of  wood  to  serve 
as  a  gutter  is  placed  in  the  hole,  and  the  sap  is  received  in  a 
vessel  placed  underneath.  It  is  usual  to  pierce  the  tree  first  on 
the  side  that  is  towards  the  south ;  when  the  flow  of  sap  begins 
to  lessen,  it  is  tapped  upon  the  north  side.  The  best  season  for 
making  maple  sugar  is  the  b^inning  of  spring,  February,  March, 
and  April ;  the  sap  continues  to  flow  during  five  or  six  weeks. 
The  quantity  of  sap  obtained  is  found  to  be  largest  when  the 
days  are  hot,  and  the  nights  cold ;  the  quantity  collected  in  the 
course  of  twenty-four  hours  will  vary  from  about  half  a  pint  to 
30  pints  and  more ;  the  temperature  of  the  air  has  the  most 
marked  influence  upon  the  flow  of  the  sap ;  it  ceases  completely, 
for  instance,  in  those  nights  when  it  freezes  after  a  very  hot  day. 
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The  maple  does  not  appear  to  suffer  from  reiterated  per- 
foration ;  trees  are  mentioned  which  were  still  flourishing  after 
having  yielded  sugar  for  forty-two  consecutive  years.  In  certain 
cases,  which,  however,  must  be  held  as  exceptions  to  the  rule,  as 
many  as  183  pints  of  sap  have  been  tapped  from  a  maple  in  the 
course  of  twenty-four  hours,  which  yielded  4^1bs.  of  crystallized 
sugar.  A  maple  of  ordinary  dimensions,  in  a  good  year  will 
yield,  on  an  average,  about  198  pints  of  sap,  producing  S^lbs. 
of  sugar.  The  sap  of  the  maple  must  therefore  contain  about 
2.2  per  cent,  of  its  weight  of  marketable  sugar.  It  has  been  found, 
that  with  care  and  attention  the  maple  becomes  more  produc- 
tive ;  maples  around  which  other  forest  trees  have  been  felled, 
or  which  have  been  transplanted  into  gardens,  yield  a  sap  which 
is  not  only  more  abundant,  but  also  richer  in  sugar,  which,  in 
fact,  contains  about  3  per  cent  of  sugar. 

The  manufacture  of  maple  sugar  presents  no  peculiarity; 
precisely  the  same  process  is  followed,  as  in  the  case  of  the  cane 
and  beet.  Unless  very  speedily  boiled  down,  the  sap  ferments, 
and  undergoes  change;  in  some  parts  of  the  United  States, 
indeed,  a  vinous  liquor  is  made  of  the  sap,  by  allowing  it  to  run 
into  spontaneous  fermentation. 

PAXM    SUGAR. 

The  palm  which  in  the  southern  parts  of  India  furnishes 
crystallized  sugar  in  large  quantity,  is  the  deophora  of  Gaert- 
ner,  and  reaches  a  height  of  about  100  feet.  Its  fruit  hangs 
in  clusters  upwards  of  a  yard  in  length.  The  natives  pro- 
cure the  sap  by  cutting  short  one  of  the  shoots  that  is  about  to 
flower  and  carry  fruit,  and  hanging  under  the  cut  part  of  a  cala- 
bash or  other  vessel,  into  which  the  fluid  distils ;  in  a  large  plan- 
tation such  an  apparatus  is  seen  connected  with  each  palm-tree ; 
the  sap  is  removed  every  morning,  and  it  is  enough  to  reduce  it 
by  evaporation  to  obtain  the  sugar,  which  differs  in  no  respect 
from  the  finest  sugar  of  the  cane ;  in  the  unrefined  state  it  is 
known  over  the  whole  of  the  East  under  the  name  of  jaggery,* 

*  This  is  the  generic  name  for  sugar,  and  is  obviously  either  the  Latin 
word  saccharum,  or  from  the  same  root  as  the  Latin  word.  The  cocoa- 
nut-tree  treated  in  the  same  way  as  the  cleophora  yields  abundance  of 
sugar,  which  is  also  known  under  the  name  of  jaggery. — Eno.  £d. 
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and  is  then  a  kind  of  moist  and  sticky  muscovado  sugar.  The 
sap  of  the  palm-tree  obtained  in  the  way  above-indicated,  is  often 
turned  into  a  vinous  liquor,  which  is  much  prized  in  many 
places.  The  pith  of  the  tree  yields  sago.  The  palm-trees  cultivat- 
ed in  India  consequently  yield  three  most  usefiil  products ;  sugar, 
oil,  and  the  farinaceous  article  of  diet  called  sago.  In  rearing 
the  cocoa-nut  palm  those  nuts  are  selected  for  seed  which  fall 
naturally,  and  they  are  dried  in  their  husk.  The  ground  which 
is  to  be  sown  is  dug  to  a  depth  of  1 8  or  20  inches,  and  it  is 
left  to  settle  for  three  or  four  days.  Some  portion  of  the  surface 
is  then  taken  away,  and  the  fresh  soil  is  covered  to  the  depth  of 
about  6  inches  with  sand.  The  nuts  are  then  placed  upon  the 
ground  so  prepared  and  covered  over  with  a  little  sand  and  a 
light  stratum  of  vegetable  mould ;  they  are  then  watered  for 
three  days  consecutively ;  in  the  course  of  three  months  the 
young  palms  are  fit  to  be  transplanted,  and  they  are  set  at  the 
distance  of  about  20  feet  every  way  from  one  another.  For 
their  reception  in  the  permanent  plantation,  holes  are  dug  of 
about  2  feet  in  depth,  in  which  a  layer  of  sand  about  6  inches  in 
depth  is  put,  upon  which  the  young  plants,  still  adhering  to  the 
fiiiit,  are  placed ;  the  hole  is  then  filled  with  sand,  and  the  sur- 
face is  covered  with  a  little  earth.  The  young  trees  require 
watering  every  day  during  about  three  years.  The  palm  begins 
to  be  productive  at  the  age  of  seven  or  eight  years,  and  it  con- 
tinues to  yield  firuit  or  sap  for  the  manufacture  of  sugar  during 
a  very  considerable  period  without  causing  any  further  cost  for 
cultivation.*  The  sap  of  the  greater  number  of  the  palms  ap- 
pears to  be  rich  in  saccharine  matter ;  it  is  obvious  indeed  that 
every  sap  that  is  capable  of  supplying  a  vinous  liquor  by  fermen- 
tation may  also  furnish  sugar ;  and  if  the  palms  have  not  gene- 
rally been  grown  with  a  view  to  this  product  it  is  because  the 
fruit  must  then  be  given  up,  and  both  in  India  and  South  Ame- 
rica the  produce  in  the  shape  of  oil  from  the  nuts  of  the  palm 
is  almost  always  more  valuable  than  that  which  can  be  had  in 
the  shape  of  sugar.f 

*  Bochanan.     A  journey  from  Madras,  &c.  vol.  i.  p.  155. 
t  In  British  India  the  coooa-nut  palm  is  beginning  to  be  extensively  ctd- 
tivated  as  a  means  of  producing  sugar.    A  considerable  portion  of  the  East 
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We  have  already  said  that  starch  acted  upon  by  acids,  and  by 
malted  barley,  is  changed  into  a  saccharine  fermentable  sub** 
stance  which,  both  in  regard  to  flavour  and  physical  properties, 
differs  in  many  respects  from  the  sugar  which  we  have  hitherto 
been  engaged  in  studying.  As  this  substance  exists  naturally  in 
the  grape  it  has  been  called  grape  sugar ^  a  name  for  which  the 
generic  term  glucose  has  been  lately  substituted  in  France,  this 
term  being  used  to  include  all  the  sugars  that  are  analogous  to 
grape  sugar.  Grape  sugar  occurs  in  the  form  of  small  white 
and  very  soft  crystals,  grouped  in  tubercular  masses ;  it  softens 
at  60*  (140^  Fahr.),  and  becomes  quite  syrupy  at  90^  (194® 
Fahr.)  Alcohol  free  from  water  dissolves  none  of  it ;  but  diluted 
alcohol  takes  up  a  considerable  quantity. 

In  the  grape  this  sugar  is  associated  with  cream  of  tartar, 
tartrate  of  lime,  and  several  other  saline  matters.  It  is  easily 
extracted  from  the  fruit ;  but  the  grape  sugar  of  commerce  is 
now  universally  prepared  from  starch ;  large  quantities,  indeed, 
are  manufactured  on  the  continent  for  the  preparation  of  spirit, 
and  for  the  amelioration  of  wine,  beer,  cyder,  &c.,  in  short,  to 
supply  sugar  wherever  it  is  defective  in  the  natural  or  artificial 
musts  that  are  subjected  to  fermentation.  In  England  consider- 
able quantities  are  also  manufactiu*ed ;  but  here  the  law  does  not 
allow  it  to  be  used  in  the  same  advantageous  direction  as  in 
France  and  Germany ;  all  that  is  made  is  employed  for  mixing 
with  adulterating  cane  sugar,  which  is  an  article  of  higher  price. 

The  sugar  that  is  made  from  starch,  and  that  is  obtained  from 
the  grape  are  identical  in  composition,  as  is  that  also  which  is 
found  in  the  urine  of  persons  labouring  under  diabetes. 

Gnpc  Sugar.       Sugar  of  Starch.       Diabetic  Sugar. 
(Sanwura.)  (Onerin.)  (PMigot.) 

Carbon  .         .        86.7  36.1  36.4 

Hydrogen      .         .  6.8  7.0  7.0 

Oxygen  •         •         56.5  56.9  56.6 

~lbo!o  100.0  lOOO" 

India  sugar  now  brought  to  market  is  manufEtctured  from  the  palm-tree. 
It  is  not  improbable,  indeed,  that  the  palm  of  one  species  or  another  will 
one  day  supersede  the  sugar-cane  and  the  beet  as  the  source  of  all  the  sugar 
consumed  in  Europe. — ^Emo.  £o. 
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Like  cane  sugar,  grape  sugar  in  combining  with  certain  bases 
abandons  a  portion  of  its  constitutional  water.  In  the  state  in 
which  it  is  combined  with  the  oxide  of  lead  it  contains : 

Carbon        .         .         •        43.3 
Hydrogen    •         •         .  6.3 

Oxygen        .         •         .        50.4 


100.0 

From  these  analyses  it  appears  that  crystallized  grape  sugar 
consists  of: 

Anhydrous  glucose .         •        .         100 
Water 19 

On  comparing  the  two  kinds  of  sugar  in  the  crystallized 
state  it  becomes  evident  that  glucose  or  grape  sugar  does  not 
differ  fiiom  cane  sugar,  except  in  containing  a  larger  quantity  of 
water.  In  fact  the  composition  of  grape  sugar  may  be  repre- 
sented in  this  way : 

Carbon  .         .         .        42.2 "% 

Hydrogen       •         •  6.2  >  100  of  cane  sugar. 

Oxygen  .         .         51. 6j 

Water  (5!?°^        M]   15.8 
\  Oxygen  .         14.0  J 

115.8  of  grape  sugar. 

The  cane,  the  beet,  the  palm,  the  maple,  the  vine,  and 
starch  turned  into  glucose,  are  the  sources  from  whence  all  the 
sugar  of  commerce  is  obtained  at  the  present  day,  although  at- 
tempts more  or  less  successful  have  also  been  made  to  extract  sugar 
from  the  pine-apple-,  from  the  chestnut,  from  the  sweet  orange,  and 
from  the  stem  of  the  maize  or  Indian  com.  It  appears  that  be-' 
fore  the  conquest  the  Mexicans  prepared  a  syrup  from  the  stem 
of  the  Indian  com,  which  was  sold  in  the  market  places.  Pallas 
could  not  obtain  more  than  about  3  per  cent  of  crystallized 
sugar  from  maize,  but  in  an  experiment  which  I  made  in  South 
America  along  with  M.  Roulin,  the  quantity  of  raw  sugar  ob- 
tained fit)m  this  plant  was  6  per  cent. 

SACCHARINS    PRIKCIPLBS    NOT    FBRMBNTABLB. 

Manna ;  mannite.  This  saccharine  principle  is  met  with  in 
different  plants;  it  has  been  found  in  the  expressed  juice  of  onions. 
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and  in  that  of  asparagus ;  in  the  alburaum  of  several  species  of 
pine-trees,  and  in  different  mushrooms.  Manna,  which  is  an  ex- 
udation from  the/r(mnt^  omjis  and  larch,  contains  nearly  ^ths 
of  its  weight  of  mannite,  and  it  is  therefore  from  this  substance 
that  mannite  is  usually  obtained,  although  it  can  also  be  had 
from  the  juice  of  the  beet  and  the  onion ;  but  then  it  is  neces- 
sary to  destroy  the  cane  or  grape  sugar  which  they  contain  by 
previous  vinous  fermentation,  and  M.  Pelouze  has  even  main- 
tained that  the  mannite  thus  prepared  is  a  product  of  fermen- 
tation.* 

Mannite  crystallizes  in  very  white  semi-transparent  needles ; 
it  has  a  slightly  sweet  taste,  and  is  soluble  in  water.  According 
to  Liebig  and  Opperman  it  contains : 

Carbon    .         .         .         39.6 
Hydrogen         .         .  7.7 

Oxygen   .         .  52.7 

100.0 

Liquorice.  This  substance  which  is  obtained  from  the  root 
of  the  Glycirrhiza  glabra  is  too  well  known  to  require  par- 
ticular consideration;  it  is  soluble  both  in  water  and  in  al- 
cohol. 

OUM. 

Gum  is  a  substance  very  extensively  diffused  in  the  vegetable 
kingdom ;  there  is,  perhaps,  no  plant  which  does  not  contain 
some.  Gum  is  divided  into  two  kinds ;  gum,  properly  so  called, 
the  type  of  which  we  have  in  gum-arabic,  and  vegetable  mu- 
cilage, such  as  we  meet  in  gum-tragacanth. 

Gum  in  dissolving  in  water  produces  a  thick  and  adhesive 
fluid.  It  is  insoluble  in  alcohoL  Some  plants  contain  such  a 
quantity  that  upon  infusion  they  seem  to  give,  as  it  were, 
nothing  else :  such  are  the  althea,  the  malva  officinalis^  &c. 

Gum  does  not  crystallize,  it  is  met  with  in  concrete  masses 
which  result  from  the  solidification  of  the  drops  which   flow 

'*' Annales  de  Chimie,  vol.  xlvii.  p.  419.  2nd.  series. — The  refuse  wash 
of  the  distiller  appreciated  by  the  taste,  appears  to  contain  a  considerable 
quantity  of  sacchcurine  matter,  which  is  probably  mannite. — Eng.  Eo. 
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spontaneously  from  the  trees  that  yield  it :  by  long  boiling  with 
dilute  sulphuric  acid  it  is  changed  into  glucose.  Nitric  acid 
alters  it,  and  several  newproducts  are  the  result,  among  the  number 
of  which  is  mucic  acid.  Gum  arabic,  according  to  the  analysis 
of  M.  Gay  Lussac  and  Th^nard  consists  of: 

Carbon  .         .         .         42.3 

Hydrogen       .         .         .  6.9 

Oxygen.  •         .         ,         50.8 

100.0 

To  obtain  v^etable  mucilage,  a  quantity  of  linseed  is  treated 
with  water  and  expressed.  It  is  also  obtained  by  steeping  gum 
tragacanth  in  about  1000  parts  of  water  and  pouring  off  the 
solution  which  covers  the  mucilaginous  mass.  The  mucilage 
then  forms  a  jelly  more  or  less  consistent,  which  diluted  with  a 
large  quantity  of  water  forms  a  ropy  viscid  fluid.  Dried  again 
this  mucilage  becomes  hard  and  translucid ;  in  water  it  regains 
its  former  state.* 

VBGBTABLB   JBLLY PBCTINB   AND    PBCTIC   ACID. 

It  is  well  known  that  the  juice  of  all  fruits  contains  a  gela- 
tinous substance  to  which  many  of  them  owe  the  property  of 
forming  jeUies.  This  matter  may  be  obtained  by  means  of 
alcohoL  If  into  a  quantity  of  currant  juice  lately  expressed,  a 
portion  of  alcohol  be  poxu^d,  a  gelatinous  precipitate  is  formed 
after  a  certain  time ;  this  jelly  subjected  to  graduated  pressure 
and  washed  with  diluted  alcohol,  gives  the  gelatinous  principle  in 
a  state  of  tolerable  purity:  this  is  pectine  discovered  by  M. 
Braconnot. 

Pectine  dried  is  in  membranous  semi-transparent  pieces 
resembling  isinglass.  Thrown  into  about  one  hundred  times  its 
weight  of  water  it  swells  considerably  and  at  length  dissolves 
completely,  giving  rise  to  a  stiff  jelly.  By  increasing  the 
quantity  of  water,  a  mucilaginous  solution,  having  a  slightly 
milky  aspect  is  obtained. 

Pure  pectine  is  quite  insipid ;  it  does  not  affect  the  colour  of 
litmus,  t^e  weaker  acids  have  no  effect  upon  it  ;  a  slight  excess 

*  Berzelius,  Chemistry,  vol.  v. 
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of  potash  or  of  soda  does  not  change  it  obviously,  and  nevertheless 
pectine  is  singularly  modified  under  the  influence  of  these  alkalies, 
being  changed  into  a  particular  body,  having  acid  reaction  ;  for 
on  saturating  the  alkali  employed,  it  immediately  coagulates  into 
a  transparent  gelatinous  mass — ^pectic]  acid.  As  pectine  acted 
upon  by  the  fixed  alkalies  undergoes  so  remarkable  a  change,  we 
may  be  allowed  to  conclude  with  M.  Braconnot,  that  the  pectic 
add  which  is  found  ready  formed  in  plants,  has  a  similar  origin, 
a  view  moreover  which  tends  to  confirm  that  formerly  announced 
by  Yauquelin,  when  he  ascribed  the  development  of  the  adds 
of  vegetables  to  the  presence  of  alkalis.* 

Gelatinous  pectic  add  immediately  becomes  defluent  upon  the 
addition  of  a  few  drops  of  solution  of  ammonia.  By  evaporating 
this  solution  in  a  porcelain  dish  we  obtain  an  add  pectate  of  am- 
monia, which  swells  in  distilled  water,  dissolves  in  it,  and  thickens 
a  large  quantity  of  the  fluid.  As  ammonia  has  no  reaction  upon 
pectine,  M.  Braconnot  has  taken  advantage  of  this  negative 
property  to  determine  if  pectic  acid  exists  or  not,  ready  formed 
in  certain  plants.  Thus  in  treating  carrots  with  cold  water, 
rendered  slightly  ammoniacal,  a  liquid  is  obtained,  from  which  an 
add  immediately  throws  down  a  predpitate  of  pectic  acid.f 
Pectine  and  pectic  acid,  therefore,  may  exist  together  in  vege- 
tables, and  M.  Jacquelain  has  proved  that  the  acid  there  is  often 
in  a  state  of  combination  as  an  alkaline  or  earthy  pectate.  It 
is  to  these  pectates  that  M.  Payen  ascribes  the  origin  of  the 
carbonates  of  the  same  bases,  which  are  met  with  in  the  ashes 
of  plants,  the  organic  add  having  of  course  been  destroyed  by  the 
combustion.| 

M.  Braconnot  has  described  an  easy  process  for  obtaining 
pectic  add  in  large  quantity  from  carrots.^ 

M.  Premy  has  published  analyses  of  pectine  and  pectic  acid, 
which  present  this  remarkable  peculiarity  that  the  one  has 
exactly  the  same  elementary  composition  as  the  other. 

*  Braconnot,  Annals  of  Chemistry,  vol.  xlvii.  p,  274,  2d  series, 
t  Braconnot,  Op.  cit,  vol.  xxx.  p.  99. 

J  Payen,  Proceedings  of  the  Academy  of  Sciences,  vol.  xv.  p.  907. 
§  Op.  cit.  vol.  XXX.  p.  97, 
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I  have  thought  it  right  to  speak  at  some  length  of  these  two 
principles  as  they  appear  to  play  an  important  part  in  the 
phenomena  of  vegetable  life.  A  careful  study  of  pectine  and 
pectic  acid  will  very  probably  aid  in  throwing  light  upon  the 
metamorphoses  which  organic  substances  undergo  in  the  act  of 
vegetation.  Pectic  acid  has  been  found  in  every  plant  in  which 
it  has  been  sought  for;  M.  Braconnot  discovered  it  in  the 
tumipy  carrot,  beet,  peony,  in  all  bulbs,  in  the  stalks  and  leaves 
of  herbaceous  plants,  in  the  wood  and  bark  of  all  the  trees 
examined,  in  all  kinds  of  fruit,  apples,  pears,  plums,  cucum'bers, 
&c.  M.  Braconnot  is  even  very  much  inclined  to  think  that 
pectic  acid  may  constitute  the  essential  principle  in  the  cambium 
or  organizable  matter  of  Grew  and  Duhamel."^ 

OF   VSOBTABLS   ACIDS. 

In  the  series  of  bodies  which  we  have  now  considered,  one 
only,  sugar,  possesses  the  property  of  crystallizing.  All  the 
others  are  amorphous  and  their  globular  disposition  and  gela- 
tinous qualities  have  led  to  the  presumption  that  they  form  in 
some  sort  the  line  of  demarcation  between  things  without  and 
things  endowed  with  life.  It  was  also  imagined  that  these 
amorphous  matters,  that  these  products  of  the  vegetable  organi- 
zation, almost  organized  themselves,  would  alone  suffice  for  the 
nourishment  of  animals.  This  idea,  however,  is  not  well  founded ; 
for  if  it  be  true  that  albumen,  caseine,  legumine,  starch  and  gum, 
are  powerful  elements  of  nutrition,  it  is  equally  so  that  sugar 
may  perform  an  important  part  in  this  process,  by  acting  in  the 
same  manner  as  starch,  the  oils  and  other  principles  of  ternary 

'*'  Braconnot,  op.  cit.  vol.  xxviii.  p.  171. 
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composition  in  becoming  like  them  a   useful,  often  an  indis- 
pensable auxiliary  of  azotised  alimentary  matters. 

This  disposition  to  consider  the  amorphous  state  of  the  more 
important  immediate  principles  of  vegetables  as  a  special  and 
distinctive  character,  cannot  be  maintained  beside  the  recent 
observations  of  Mitscherlich.  This  illustrious  chemist  has  found, 
that  if  the  mineral  precipitates  which  are  deposited  in  liquids, 
are  in  many  cases  formed  of  crystals  more  or  less  regular,  they 
are  also  sometimes  composed  of  small  spheres  or  aggregated 
masses,  the  particles  of  which  do  not  unite  in  a  regular  way  as 
crystals,  but  remain  separated  by  a  thin  layer  of  fluid.  Ex- 
amined imder  the  microscope  these  masses  present  themselves 
under  the  form  of  flocks  and  of  shreds,  having  a  granular  or  gela- 
tinous appearance,  and  which  remain  soft  and  flexible  like  fresh 
vegetable  or  animal  substances  so  long  as  they  are  kept  under 
water;  it  is  only  in  drying  that  they  become  pulverulent  or 
acquire  the  vitreous  aspect.* 

The  substances,  the  chemical  constitution  of  which  we  have 
still  to  examine  may  in  general  be  obtained  in  the  crystallized 
state ;  their  individuality  seems  more  decided ;  they  are  more 
stable,  better  characterized,  and  their  specific  properties  often 
assimilate  them  to  inorganic  bodies.  Such,  for  example,  are 
the  acids  formed  in  the  course  of  vegetable  existence. 

Vegetable  acids  present  all  the  general  characters  of  mineral 
acids,  whilst  they  participate  in  the  properties  inherent  in 
organic  substances.  Thus  they  form  salts  by  uniting  with  bases ; 
with  potash,  soda,  ammonia,  they  form  salts  soluble  in  water ; 
the  other  bases  produce  compounds  that  are  soluble  or  insoluble 
according  to  the  nature  of  the  acid.  These  acids,  free  or 
uncombined,  are  very  frequently  met  with  in  fruit,  sometimes  in 
the  leaves,  more  rarely  in  the  seeds  and  roots ;  but  in  combina- 
tion with  bases  they  are  met  with  in  almost  all  parts  of  plants. 
Already  very  numerous,  they  are  increasing  rapidly  with  the 
progress  of  discovery  ;  with  the  exception  of  a  very  few  employed 
in  the  arts,  their  study  forms  a  subject  of  no  great  interest.     I 

*  Berzeliiis,  Ann.  Report,  1841,  p.  20. 
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shall  therefore  confine  myself  to  a  few  of  the  most  extensively 
distributed  of  these  acids. 

Oxalic  acid.  This  acid  exists  free  in  the  hairs  of  the  cicer  or 
chick-pea,  and  united  with  potash  constituting  an  acid  salt,  the 
binoxolate  of  potash  in  the  wood  sorrel  and  the  common  or 
garden  sorreL  It  is  jfrom  the  former  of  these  plants  that  the 
salt  called  salt  of  lemons,  but  wliich  is,  in  fact,  the  binoxolate  of 
potash  is  still  extracted  in  some  countries.  The  juice  of  the 
wood  sorrel  is  expressed  and  yields  about  0.003  of  its  weight  of 
the  salt,  from  which,  by  ordinary  chemical  manipulation,  the 
oxalic  acid  is  readily  obtained.  At  the  present  time  this  acid 
is  prepared  artificially  by  the  action  of  nitric  acid  upon  starch  ;  it 
is  a  powerfiil  acid,  and  its  afiinity  for  lime  is  such  that  it  takes 
this  base  even  from  its  union  with  sulphuric  acid. 

Tartaric  ojdd  is  met  with  above  all  in  the  grape  in  the  state 
of  bitartrate  of  potash,  a  salt  which  is  deposited  upon  the  sides 
of  the  casks  in  which  wine  is  kept.  After  having  been  properly 
purified,  it  is  known  in  commerce  under  the  name  of  cream  of 
tartar,  fix)m  which  the  tartaric  acid  can  readily  be  obtained. 
Another  particular  acid,  the  racemic  acid,  the  composition 
of  which  is  identical  with  that  of  the  tartaric  acid,  has  been 
discovered  in  the  tartar  of  the  wines  grown  on  the  Upper 
Rhine. 

Citric  add.  This  acid  is  found  in  the  juice  of  many  plants, 
and  abundantly  in  the  juice  of  lemons,  oranges,  currants,  &c.  It 
is  froTCL  the  lemon  and  the  lime  that  the  citric  acid  employed  in 
the  arts  is  generally  obtained. 

Tannic  add.  A  certain  substance  which  is  met  with  in  the 
bark  of  particular  trees,  and  which  has  the  valuable  property  of 
rendering  the  hides  of  animals  with  which  it  is  combined,  insus- 
ceptible of  putrefaction,  is  familiarly  known  under  the  name  of 
tannin.  The  art  of  the  tanner  is  founded  upon  this  property  of 
tannin.  A  solution  of  gelatine  being  poured  into  an  infiision  of 
tannic  acid,  an  insoluble  precipitate,  formed  by  the  union  of  the 
acid  with  the  animal  matter,  is  immediately  produced.  By 
macerating  a  piece  of  raw  hide  in  a  solution  of  tannin,  the  same 
combination  takes  place  even  into  the  very  interior  of  the  tissue ; 

M  2 
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the  whole  of  the  tannin  quits  the  solution  by  degrees  to  combine 
with  the  gelatine  of  the  skin. 

It  is  not  in  the  bark  only  that  tannin  is  encountered,  it  has 
been  found  in  different  organs  of  plants.  Sir  Humphry  Davy 
has  stated  these  quantities  of  tannin  as   constituents  of   100 


e  tollowmg  substances : 

Nutgalls 

.     27.4 

Oak  bark 

.       6.3 

Chesnut  bark            .         .         .         • 

.       4.3 

Elm  bark 

.       2.7 

Willow  bark              •         .         .         , 

.       2.2 

Inner  white  bark  of  an  aged  oak 

.     15.0 

I'he  same  of  young  oaks 

.     16.0 

The  same  of  the  Indian  chesnut 

.     15.2 

I'he  inner  coloured  bark  of  the  oak 

.       4.0 

Sicilian  sumac 

.     16.2 

Malaga  sumac           .         •         .         , 

.     10.4 

Souchong  tea 

.     10.0 

Green  tea                  .         .         .         . 

.       8.5 

Bombay  catechu       .         .         .         . 

.     54.3 

Bengal  catechu 

.    48.1 

.  ■■            fm    •                ••!•/•               1                •. 

1       •  .1 

Gallic  acid.  This  acid  is  found  united  with  tannin  in  the 
greater  number  of  barks,  or  along  with  the  astringent  principles 
of  plants.  Gallic  acid  appears  to  be  the  product  of  a  kind  of 
fermentation  undergone  by  tannin,  as  the  process  by  which  it  is 
prepared  seems  to  indicate,  and  which  consists  essentially  in 
exposing  for  about  a  month  a  quantity  of  nutgalls  reduced  to 
powder  and  kept  constantly  moistened.  The  solution  of  gallic 
acid  does  not  precipitate  gelatine. 

I  have  added  in  a  table  the  composition  of  the  principal 
vegetable  acids.  I  shall  speak  of  the  composition  of  fat  adds 
when  I  come  to  treat  of  fatty  substances. 

The  different  vegetable  acids  do  not  vary  essentially  in  com- 
position, save  in  a  single  instance.  With  one  exception  they 
consist  of  definite  proportions  of  carbon,  hydrogen  and  oxygen. 
The  exception  alluded  to  is  the  hydrocyanic  acid,  which  contains 
no  oxygen,  but  a  large  quantity — nearly  52  percent,  of  azote. 
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OF  THB  VEGETABLE  ALKALIES. 


The  alkaline  bases  which  are  formed  in  the  course  of  vegeta- 
tion always  contain  a  certain  proportion  of  azote.  Their  general 
properties  are  those  of  alkalies ;  their  watery  or  alcoholic  solu- 
tions restore  the  blue  colour  of  the  reddened  tincture  of  turnsole, 
and  they  constitute  salts  by  combining  with  acids.  In  their 
manner  of  behaving  they  bear  a  certain  analogy  to  ammonia. 
Like  ammonia,  the  organic  alkalies  combine  with  the  hydrates  of 
the  oxacids,  and  when  they  are  deprived  of  their  water  of  crys- 
tallization they  fix  the  hydracids  without  losing  weight. 

The  discovery  of  the  vegetable  bases  is  due  to  Sertuemer, 
who  in  1804  indicated  the  existence  of  morpliine  in  opium. 
The  majority  of  the  vegetable  alkalies  are  insoluble,  or  little 
soluble  in  water ;  all  are  soluble  in  alcohol ;  some  of  them  are 
sufficiently  volatile  to  be  susceptible  of  distillation. 

In  elementary  composition  they  are  all  very  much  alike, 
consisting  of  various  but  in  each  instance  definite  proportions 
of  carbon,  hydrogen,  oxygen  and  azote,  the  carbon  varying 
from  about  50  to  75,  the  hydrogen  from  6  to  12,  the  oxygen 
from  8  or  9  to  27  and  even  37,  and  the  azote  from  1.6  to  1%*^ 
28  and  even  35  per  cent. 


OV   FATTT    SUBSTANCES. 


Under  this  title  I  comprise  all  the  oily  substances,  liquid  or 
solid,  and  those  that  are  analogous  to  wax,  which  are  found  dis- 
seminated in  different  organs  of  plants.  A  character  common 
to  almost  all  fatty  substances  is  insolubility  in  water.  They  dis- 
solve in  sensible  quantity  in  alcohol,  and  especially  in  ether.  Fatty 
substances  may  be  divided  into  two  classes :  one  including  those 
which  are  easily  modified  by  the  action  of  alkalies,  and  which  form 
soaps ;  the  other  not  susceptible  of  this  action,  not  susceptible  of 
saponification,  or  at  all  events,  that  are  only  attacked  by  alkalies 
Ih  very  particular  circumstances. 
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When  a  mixture  of  fat  oil  and  a  solution  of  caustic  alkali  are 
heated,  the  oil  is  soon  observed  to  incorporate  with  the  alkaline 
liquid.    After  boiling  for  some  time,  if  the  alkali  is  in  excess,  clots 
or  flocks  appear,  and  in  removing  the  excess  of  liquid  a  white  mass 
is  obtained  which  is  soluble  in  water — the  oil  is  saponified ;  and 
the  product  of  the  saponification  is  combined  with  a  portion  of  the 
alkali  which  has  been  employed.     If  into  a  hot  solution  of  this 
soap  a  quantity  of  hydrochloric  acid  be  poured,  the  acid  seizes 
upon  the  potash  or  the  soda,   setting  at  liberty  the  fatty  body 
which  had  been  combined  with  the  alkali  and  which  collects  on 
the  liquid.     It  is  easy  to  discover  that  the  fatty  matter  thus 
collected  is  no  longer  the  same  as  that  which  had  been  originally 
employed ;  for  example,  it  is  completely  soluble  in  boiling  alco- 
hol, which  on  cooling  deposits  brilliant  pearly  crystals  of  a  fatty 
substance  possessing  acid  properties.    By  evaporating  the  alcohol 
from  which  these  crystals  are  formed,  an  additional  quantity  is 
obtained,  and  when  the  alcohol  is  entirely  dissipated  another 
unctuous  body  is  obtained  having  also  acid  properties.     Three 
acids  having  distinguishing  characters  are  in  fact  obtained  by  the 
action  of  alkalies  upon  fatty  substances :  the  stearic,  margaric, 
and  oleic  acids.     The  alkalies  consequently  transform  neutral  oily 
IjOdies  into  acid  substances,  as  first  shown  by  the  admirable  re- 
searches  of  M.    Chevreul,  before  whose  time  it  was   always 
assiuned  that  soap  was  the  result  of  a  direct  union   of  fatty 
matters  with  alkalies.     The  fatty  acids  are  not  the  only  pro- 
ducts of  saponification,   there   are    several   others,   particularly 
glycerine,    which,   however,   need   not  occupy   us   particularly 
here. 

The  experiments  of  M.  Chevreul  would  lead  us  to  view  aU 
fatty  matters  as  combinations  of  glycerine  playing  the  part  of  a 
base  with  particular  acids;  these  combinations,  analogous  to  salts 
if  their  constitution  be  merely  considered,  are  generally  mixed 
together  in  oils  and  fats ;  thus  the  union  of  stearic  acid  and  gly- 
cerine forms  stearine,  which  is  fusible  at  the  temperature  of 
about  62^  cent.  (144^  Fahr.)  Stearic  acid  melts  at  72®  cent. 
(162<»  Fahr.)  Oleine  remains  fluid  at  4<»  cent.  (24®  Fahr.),  and 
oleic  acid  is  liquid.     An  oil  is  therefore  by  so  much  the  more 
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tonsistent  as  a  larger  quaDtity  of  solid  fatty  acid  enters  into  its 
composition,  and  it  is  on  the  contrary  by  so  much  the  softer  and 
more  liquid  as  this  acid  is  itself  more  fluid.  The  wax  of  the 
Myrica  cerifera,  for  example,  is  sufficiently  hard  to  be  reduced 
to  powder,  and  is  almost  entirely  formed  of  stearine.  In 
the  fluid  vegetable  oils  oleine  always  predominates.  It  is 
easy  to  separate  these  different  fatty  compounds  jfrom  one 
another. 

Besides  the  solid  and  liquid  acids  which  are  obtained 
from  fatty  substances,  there  are  others  known  which  are 
volatile. 

Fatty  bodies  absorb  oxygen  from  the  air.  This  absorption  is 
at  first  extremely  slow,  scarcely  appreciable ;  but  once  begun,  it 
goes  on  with  great  rapidity ;  so  rapidly,  indeed,  that  if  a  large 
sur&oe  be  exposed  to  the  air,  if,  for  example,  a  quantity  of  rags  or 
tow  be  impregnated  with  oil,  the  mass  may  take  fire.  The  conse- 
quence of  this  oxidation  is  always  a  thickening  of  oil,  and  there 
are  some  which  become  completely  solid  in  its  course ;  these  are 
designated  by  the  title  of  drying  oils,  and  are  in  particular  re- 
quest for  the  manufacture  of  varnishes.  Nut  oil  which  has  re- 
mained long  exposed  to  the  air  acquires  the  consistence  of  jelly, 
and  its  unctuous  properties  have  so  entirely  disappeared  that  it 
no  longer  stains  paper. 

The  alteration  which  fatty  substances  undergo  in  contact  with 
air  and  moisture  is  still  more  remarkable.  The  oils  which  are 
inodorous  and  without  taste  soon  acquire  under  these  circum- 
stances a  strong  smell  and  a  disagreeable  flavour.  Fleshy  fiiiits 
which  contain  a  large  quantity  of  oil,  such  as  the  olive  and  the 
oleaginous  seeds,  when  moistened  suffer  true  fermentation,  the 
result  of  which  is  the  separation  of  the  fatty  acids  fit)m  the  gly- 
cerine. 

Oils  subjected  to  the  action  of  a  high  temperature  are  also 
greatly  modified.  The  glycerine  which  they  contain  is  decom- 
posed, and  gives  rise  to  various  pyrogenous  products :  stearic 
acid  is  changed  into  margaric  acid,  and  oleic  acid  into  sebacic 
acid,  a  crystallizable  volatile  acid  which  is  soluble  in  hot 
water. 
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The  fatty  substances  of  plants  are  principally  accumulated  in 
the  fruit,  and  particularly  in  the  seed.  In  the  herbaceous  parts 
they  are  less  abundant,  less  perfectly  elaborated.  Oils  appear  to 
be  included  in  the  vegetable  tissue  under  the  form  of  globules, 
or  minute  drops.  In  such  an  oily  seed  as  the  common  almond, 
when  it  is  growing,  we  perceive  that  the  cellular  tissue  is  in  the 
first  instance  full  of  a  colourless  and  transparent  fluid ;  but  as  the 
seed  advances,  each  cell  is  seen  to  become  filled  with  numbers 
of  little  oil  globules  which  increase  continually  in  size  and  num- 
ber until  the  kernel  is  ripe ;  there  is  at  the  same  time  a  quantity 
of  azotised  matter  deposited  in  the  midst  of  the  liquid,  which 
disturbs  its  transparency ;  it  is  this  deposit  which  thickens  the 
walls  of  the  cells.*  The  capillary  force  which  retains  fatty  prin- 
ciples combined  with  the  tissue  of  certain  seeds  must  be  very 
considerable,  for  having  boiled  some  rape-seed,  which  contained 
60  per  cent  of  oil,  in  water,  there  was  not  a  trace  of  oily  matter 
perceptible  upon  the  surface  of  the  liquid.  Butter  appears  to  be 
kept  diffused  in  milk  by  something  of  a  similar  force,  for  milk 
when  boiled  yields  but  a  very  small  quantity  of  this  substance. 
M.  Dumas  and  I  maintain  that  the  oil  of  seeds  is  intended  for 
the  production  of  heat  by  undergoing  combustion  at  the  period 
of  germination ;  a  series  of  experiments  performed  in  my  labo- 
ratory by  M.  Letellier  supports  this  opinion. 

Having  ascertained  by  a  preliminary  trial  the  quantity  of  oily 
substance  contained  in  a  certain  weight  of  seed,  some  of  the 
same  kind  was  put  to  germinate,  and  the  quantity  of  oil  which  it 
contained  was  tested  at  two  periods  of  the  germination ;  it 
was  found  that  in  the  course  of  this  process  a  considerable  pro- 
portion of  the  fatty  substance  had  disappeared ;  one  gramme  or 
15.438  grains  of  rape-seed  before  germination  contained  0.50 
of  oil ;  after  the  first  period  of  germination,  namely,  when  the 
cotyledons  had  began  to  turn  green,  the  quantity  of  oil  was  foimd 
reduced  to  0.43,  and  at  the  end  of  the  second  period,  when  the 
cotyledons  had  become  quite  green  and  the  radicles  were  from 
3.9  to  4.6  inches  long,  the  oil  was  reduced  to  0.28. 

*  Dumas,  Chemistry,  vol.  v. 
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It  would  be  extremely  interesting  to  ascertain  the  extreme  loss 
whidi  the  oily  principles  of  seeds  sustained  in  the  course  of 
the  commencement  of  v^tation,  and  to  follow  the  return  of 
the  same  principles  in  proportion  as  the  plant  advanced  to- 
wards maturity.  M.  Letellier  is  going  on  with  these  experi- 
ments. 

The  numberless  uses  to  which  oil  is  put,  make  its  manu&cture 
ah  object  of  the  highest  importance.  Vegetable  oils  are  generally 
obtained  from  olives,  from  oleaginous  seeds,  and  from  the  nut  of 
certain  palms.  Oil  is  separated  by  pressure-;  it  may  often  be 
extracted  from  the  seed  in  the  natural  state,  in  which  case  the 
produce  is  of  fine  quality,  but  seldom  abundant.  The  castor  oil 
bean,  for  example,  yields  its  oil  under  the  simple  action  of  the 
press.  In  America,  however,  to  obtain  this  oil,  the  seeds  are 
first  roasted  slightly,  and  being  bruised  they  are  then  boiled  in 
water;  the  oil  readily  separates  from  the  roasted  seed.  A 
similar  process  is  sometimes  followed  in  procuring  cacao 
butter. 

In  the  extraction  of  oil  from  the  common  oleaginous  seeds, 
they  are  first  ground  or  bruised  in  a  proper  apparatus ;  the 
paste  or  powder  which  they  now  form  is  generally  heated,  and 
being  put  into  woollen  sacks,  and  these  inclosed  in  hair  bags, 
they  are  subjected  to  the  operation  of  the  press ;  after  one  pres- 
sure, the  magma  which  remains  in  the  bags  is  crushed  anew, 
heated,  and  pressed  again.  The  oil  obtained  by  the  second 
pressing  is  never  so  pure  as  that  procured  by  the  first. 

The  oil-cake  is  taken  out  of  the  bags,  completely  dry  in  ap- 
pearance, but  it  still  contaiiis  a  large  proportion  of  oil — ^from  8 
to  1 5  per  cent  of  its  weight.  It  is  used  in  fattening  cattle  and 
as  manure.  Oil,  when  newly  expressed,  is  always  turbid  and  very 
mucilaginous ;  it  becomes  clear  by  standing ;  but  it  always  re- 
tains certain  substances  which  lessen  its  quality,  particularly 
when  it  is  intended  for  biuning  in  lamps. 

Greater  obstacles  are  encountered  in  extracting  the  oil  from 
some  of  the  pulpy  fi-uits  than  from  seeds.  In  extracting  olive- 
oil,  the  olives  are  crushed  under  millstones ;  and  the  paste  which 
results  being  put  into  flat  baskets  of  wicker-work,  is  subjected 
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to  the  press.  The  first  pressing  yields  virgin  oil,  which  is  used 
for  the  table.  Having  removed  the  baskets  fi*om  the  press, 
their  contents  are  mixed  with  a  little  boiling-water,  replaced,  and 
pressed  again,  by  which  a  new  quantity  of  oil  is  obtained.  But 
the  pulp  is  not  yet  exhausted ;  by  special  treatment  it  still  yields 
a  quantity  of  oil  of  inferior  quality,  which  is  employed  in  the 
manu&cture  of  soap. 

The  fruit  of  the  palm  yields  the  oil  which  it  contains  with 
great  readiness.  I  have  extracted  a  butter  of  excellent  quality  and 
very  agreeable  taste  by  simply  boiling  the  nuts  or  berries  of  the 
Palma  real  in  water.  The  cocoa-nut  yields  two  qualities  of 
oil,  according  to  the  mode  of  extraction.  To  prepare  the  best 
kind,  the  fleshy  part  of  the  fruit  is  grated,  and  the  pulp  being 
pressed^  a  milky  fluid  is  obtained,  which  yields  the  oil  by  boiling. 
An  inferior  quality  of  oil  is  obtained  by  causing  the  cocoa-nuts 
to  putrify ;  when  the  putrefaction  has  advanced  to  a  certain  stage, 
the  oily  pulp  is  thrown  into  copper  vessels  and  exposed  to  the 
sim,  and  the  oil  which  then  rises  to  the  surface  is  skimmed  ofi^. 
This  oil  is  brown,  and  has  a  strong  smell ;  it  contains  fatty  acids 
which  have  probably  been  set  at  liberty  by  the  putrid  fermenta- 
tion. 

The  value  of  the  produce  in  oleaginous  seeds  of  a  given  ex- 
tent of  land,  and  the  quantity  of  oil  which  these  seeds  will  yield, 
depend,  as  may  readily  be  conceived,  on  a  variety  of  causes  which 
it  is  not  always  easy  to  appreciate  with  precision ;  such  as  cli- 
mate, the  nature  of  the  soil,  the  system  of  husbandry  followed, 
&c.  The  observations  of  M.  Gaujac  of  Dagny  on  the  various 
plants  usually  cultivated  for  the  sake  of  their  oleaginous  seeds, 
will  however  suffice  to  give  a  notion  of  their  comparative  pro- 
ductiveness in  oil  and  cake : 
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^^ 

Seed 

produced 

Whole  quantity 
of  Oil  obt  ined 

oil 

Crop. 

CwU, 

racr« 
qrs. 

in 
lb*. 

per  Acre  in  11m. 
aroird. 

obtained 
per  cent. 

Cake 
per  cent. 

WINTER  CROPS. 

Colewort 

19 

0 

15 

875.4 

40 

54 

Rocket 

15 

1 

3 

320.8 

18 

73 

Rape .... 

16 

2 

18 

641.6 

33 

62 

Swedish  turnip    . 

15 

1 

25 

595.8 

33 

62 

Curled  colewort  . 

16 

2 

18 

641.6 

33 

62 

Turmp  cabbage  . 

13 

3 

19 

565.4 

33 

61 

8PRINO  CROPS. 

Grold  of  Pleasure          • 

17 

1 

16 

545.8 

27 

72 

Sunflower  .         .         • 

15 

3 

14 

275.0 

15 

80 

Flax  .... 

15 

1 

25 

385.0 

22 

69 

White  poppy 

10 

1 

18 

560.8 

46 

52 

Hemp 

7 

3 

21 

229.0 

25 

70 

Summer  rape       .         ,^ 

11 

3 

17 

412.5 

30 

65 

M.  Matthew  de  Dombasle  made  some  comparative  experiments 
at  Roville  on  the  cultivation  of  oleaginous  plants.  The  results 
obtained  by  this  skilful  agriculturist  are  much  less  favourable 
than  those  of  M.  Gaujac.  Instead  of  19  cwt.  and  15lbs.  of 
colewort  seed  yielding  875.4lbs  of  oil  per  acre,  M.  de  Dom- 
basle only  obtained  llcwt.  2qrs.  211bs.  yielding  392.31bs.  of 
oil ;  and  the  other  kinds  of  seed  in  proportion.  But  as  I  have 
said  ab'eady,  the  fertility  of  the  soil,  and  the  labour  and  pains 
bestowed  upon  it,  may  have  contributed  to  the  differences 
observed,  because  here  the  influence  of  climate  may  be  overlooked. 
There  is  one  circumstance,  however,  which  may  explain  the 
great  differences  in  the  quantity  of  oil  obtained,  which  is  the 
perfection  of  the  press  employed  to  extract  it.  In  a  general 
way  oil  presses  are  so  imperfect  that  they  all  leave  a  quantity  of 
oil  more  or  less  in  the  cake. 

Here  are  two  examples:  from  2765lbs.  avoird.  of  fine 
colewort  seed,  gathered  in  1842,  and  weighing  52i|lbs.  per 
bushel,  I  obtained : 


lbs. 

Of  oil 

.     1130.5 

Of  cake 

.     1384.9 

Loss 

.       249.6 

2765.0 
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In  other  terms,  per  cent. : 

Oil        .  .         .    40.81 

Cake      .  .         .     50.12 

Loss      .  .         .       9.07 


100 

but  by  a  careful  analysis  of  the  same  seed  in  the  laboratory,  50 
per  cent,  of  oil  was  obtained. 

2nd.  In  1 840  and  1 84 1 ,  I  made  some  experiments  on  the 
cultivation  of  the  madia  sativa,  intermixed  with  carrots  in 
a  fertile  soil,  well  manured  with  farm  dung.  The  crop  of  the 
year  1 840  was  excellent ;  it  required  one  hundred  and  twenty- 
seven  days  to  come  to  maturity. 

Ibi. 

Seed,  busks  deducted  •  .  2424 
Dried  leaves  employed  as  litter  7700 
Carrots  without  their  leaves       .  31966 


The  seed  gave : 

Of  oQ 

.      635.8 

Of  cake 

.  17067.6 

100  of  seed  gave: 

Oil 

.     26.24 

Cake 

.     70.72 

Loss 

.     33.4 

100.00 

These  results  agree  pretty  nearly  with  those  which  have 
been  published  by  other  agriculturists;  but  the  seed  of  this 
madia,  which  in  the  press  gave  26  24  of  oil  per  cent,  actually 
yielded  41  per  cent  by  analysis  in  the  laboratory  ;  this  difference 
between  practical  results  and  those  of  the  laboratory,  show  us 
how  large  a  quantity  of  oil  is  generally  left  in  the  cake.  When 
the  cake  is  used  for  feeding  cattle,  the  loss  is  perhaps  less  to  be 
regretted,  inasmuch  as  the  oily  matter  evidently  assists  in  the 
fattening ;  but  when  the  cake  is  used  as  manure,  the  oil  which 
it  contains  is  almost  entirely  lost. 

It  is  often  of  importance  to  the  agriculturist  to  ascertain 
precisely  the  quantity  of  fatty  principles  contained  in  oleaginous 
seeds.     For  this  piupose,  it  is  enough  to  bruise  a  given  quantity 
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of  the  seed  and  to  digest  it  in  successive  portions  of  sulphuric 
ether.  After  a  first  digestion,  the  seed  is  bruised  or  pulverised 
anew,  and  the  bruising  is  now  accomplished  without  diflEiculty. 
The  process  may  be  concluded  by  boiling  with  a  mixtiu-e  of 
equal  parts  of  ether  and  alcohol.  The  ethereal  solutions  are 
decanted  fi-om  the  seed  into  a  porcelain  dish,  the  weight  of  which 
is  known.  The  ether  evaporates  spontaneously  and  the  oil 
remains,  the  weight  of  which  is  then  tsken. 

The  following  sums  may  be  taken  as  a  pretty  accurate  estimate 
of  the  average  quantity  of  oil  yielded  by  the  diflferent  oleaginous 
seeds:  Colewort,  winter  rape,  and  other  species  of  cruciferous 
plants  fix)m  30  to  36  and  40  per  cent.;  sunflower  about  15 
per  cent. ;  linseed  from  11  to  22 ;  poppy  from  34  to  63  ; 
faempseed  from  14  to  26 ;  olives  from  9  to  11;  walnuts  40  to 
70;  brazil  nuts  60;  castor  oil  beans  62  ;  sweet  almonds  40  to 
54 ;  bitter  almonds  28  to  46  ;  madia  sativa  26  to  28  per  cent. 

The  quantity  of  oil  yielded  by  any  seed  subjected  to  the  press 
is  always  considerably  less  than  that  which  it  contains,  and  the 
oil  retained  in  the  cake  appears  to  be  in  larger  proportion  as 
the  starch,  the  woody  tissue  and  the  albuminous  matters  are 
more  abundant.  Thus  maize,  or  Indian  com,  which  contains 
fix)m  8  to  1 0  per  cent,  of  fluid  oil,  gives  mere  traces  of  its  pre- 
sence imder  the  press.    . 

The  oily  and  fleshy  fruits  such  as  those  of  the  olive  and  the 
palm,  yield  a  considerable  quantity  of  oil.  In  the  southern 
countries  of  Europe,  particularly  those  which  are  so  well  pro- 
tected that  their  olive-trees  escaped  the  severe  winter  of  1789, 
as  many  as  about  8 1 6^1bs.  of  oil  per  acre  are  obtained  with  proper 
care.  The  trees  which  were  killed  during  this  memorable  winter, 
sprouted  again  fi-om  the  roots,  and  at  the  present  day  yield  fit)m 
about  one  quarter  to  one  half  the  above  quantity,  according  to 
the  spaces  left  between  them,  which  vary  considerably.  Under 
similar  circumstances  in  regard  to  climate,  it  will  readily  be  im- 
derstood  that  the  quantity  of  produce  will  be  influenced  by  the 
quantity  of  manure  put  into  the  ground.  In  some  countries 
the  olive  is  never  manured,  save  indirectly ;  that  is  to  say,  the 
ground  between  the  trees  is  only  manured  with  a  view  to  another 
crop,  which  is  grown  between  them ;  in  other  countries,  again, 
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in  the  neighbourhood  of  Marseilles,  for  instance,  it  is  the  prac- 
tice to  manure  the  olive  plantations  directly  every  three  or  four 
years. 

The  olive  enjoys  remarkable  longevity ;  I  have  mentioned  one 
more  than  seven  centuries  old,  and  the  term  of  the  tree's  existence 
appears  only  to  be  limited  by  the  severe  winters  which  cause  it 
to  die  from  time  to  time.  The  produce  must  of  course  depend 
upon  the  age  of  the  trees  which  compose  a  plantation.  Up  to 
eleven  years,  M.  Gasparin  shows  that  an  olive-tree  still  remains 
all  but  improductive ;  and  that  the  capital,  and  the  interest  upon 
the  capital  expended  in  this  husbandry,  must  necessarily  exceed 
the  value  of  the  produce  up  to  the  thirtieth  year.  Yet  there  are 
soils  which  are  fiivourable  to  the  olive,  and  which  are  useful  for 
nothing  else;  a  hole  in  a  rock  suffices  it,  if  the  climate  be 
favourable  and  it  receive  a  proper  dose  of  manure.  But  the 
grand  cause  of  the  disadvantages  attending  the  cultivation  of  the 
olive  in  France  is  connected  with  the  periodical  occurrence  of 
severe  winters  which  kill  it ;  in  an  interval  of  one  hundred  and 
twelve  years,  from  1709  to  1821,  the  olive  plantations  have 
suffered  three  great  mortalities,  which  give  a  mean  duration  of 
about  forty  years  to  each  planting. 

The  cocoa-nut  tree  is  one  of  those  which  yields  the  largest 
quantity  of  oil  with  the  least  labour.  The  tree  grows  vigorously 
in  all  hot  coimtries  at  no  great  distance  from  the  sea-shore ; 
wherever  the  temperature  is  from  78^  to  82*  Fahr.,  there  the 
cocoa-nut  thrives.  It  is  also  foimd  on  the  banks  of  great  rivers ; 
and  the  common  practice  in  planting  the  cocoa-nut  is  to  put  a 
little  salt  in  the  hole.  When  transplanted  far  from  the  banks 
of  rivers,  it  thrives  best  in  the  neighbourhood  of  human  habita- 
tions, which  has  led  the  Indians  to  say  that  the  cocoa-nut  tree 
loves  to  hear  men  talking  under  its  shade.  It  is  a  tree  which 
requires  a  soil  impregnated  with  saline  substances,  and  these  are 
never  wanting  near  the  habitations  of  man.  The  tree  bears  its 
first  flowers  at  the  age  of  four  years ;  it  produces  fruit  the  fol- 
lowing year,  and  continues  to  fructify  until  it  is  eighty  years  old. 
The  spikes  generally  bear  about  twelve  cocoa-nuts,  and  the 
number  of  nuts  yielded  by  a  tree  in  the  course  of  a  year  may  be 
taken  at  about  fifty,  which  will  yield  about  4  litres,  or  rather 
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more  than  7  pints  of  oiL  Somewhere  about  ninety  trees  are 
generally  found  upon  the  acre  of  land,  and  these  are  capable  of 
yielding  about  825lbs.  of  oil  annually.* 

The  cocoa-nut  tree  must,  therefore,  be  regarded  as  among 
the  most  productive  in  oil,  and  also  as  the  plant  which  requires 
the  least  outlay  in  its  cultivation.  Many  species  of  pakn 
yield  oik  of  a  very  agreeable  flavour  for  the  table,  and  the  pro- 
duce of  all  answers  admirably  for  the  manufacture  of  soap.  In 
the  same  proportion  as  agricultural  industry  extends  in  the 
equatorial  regions  of  the  globe,  will  the  production  of  palm-oils 
increase,  and  this  must  necessarily  influence  the  cultivation  of  the 
olive  in  a  very  serious  way.  The  cultivation  of  the  tree  being 
already  threatened  in  Europe  by  that  of  the  mulbeny,  and  the 
prod^ious  extension  in  the  trade  in  palm-oil  upon  the  coasts  of 
Africa  in  the  course  of  the  last  few  years,  justify  this  conclu- 
sion. In  1817,  palm-oil  was  considered  as  among  the  list  of 
mere  medicinal  substances.  At  this  period  a  London  perfiimer 
thought  of  making  it  into  a  soap  for  the  toilet-table.  From  this 
time  it  became  the  staple  of  a  bartering  trade,  which  has  been 
by  so  much  the  more  profitable  to  the  nations  engaged  in  it, 
as  the  purchase  is  always  effected  by  manufactured  articles,  such 
as  cotton  and  woollen  goods,  hardware  and  crockery,  arms, 
powder  &c.  The  future  extent  of  this  traffic  may  be  imagined 
when  it  is  known  that  in  1817  the  importation  of  palm-oil  into 
England  did  not  much  exceed  140,000lbs.,  and  that  in  1836  it 
exceeded  70,000,0001bs  !  In  taking  an  acre  of  surface  for  unity, 
I  find  that  on  an  average  the 

Spring  oleaginous  plants  yield  .  .     3201bs.  of  oil. 

Winter  oleaginous  plants  .  .534 

The  olive  (south  of  Europe)  .  .  .534 

The  Palm  (America;      .         .  .  .801 
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Aromatic  plants  owe  the  odours  which  characterize  them  to 
certain  volatile  principles,  which  by  reason  of  certain  properties 
which  they  have  in  common  with  fat  oils,  such  as  insolubility  in 
water,  solubility  in  ether  and  alcohol,  inflammability,  &c.,  are 

*  Codazzi,  Resumen  de  la  Geografia  de  la  Venezuela,  p.  133. 
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generally  designated  as  essential  oik.  They  are  met  with  in  all 
parts  of  plants ;  but  in  one  plant  the  oil  is  principally  found  in 
the  flower,  in  another  in  the  leaves,  in  another  in  the  bark,  &c. 
It  sometimes  happens  that  different  parts  of  the  same  plant  con- 
tain oils  of  different  kinds.  From  the  orange-tree,  for  instance, 
three  distinct  oils  are  obtained,  as  the  flower,  the  leaf,  or  the 
rind  of  the  fruit  is  treated.  In  some  cases  the  volatile  principle 
is  so  thoroughly  imprisoned  in  the  vegetable  cells,  that  drying 
does  not  dissipate  it;  in  others,  as  in  the  greater  number  of 
flowers,  the  oil  is  formed  on  the  sur&ce,  and  is  volatilized  imme- 
diately afler  its  formation. 

Essential  oils  are  less  volatile  than  water ;  nevertheless  they 
rise  with  the  vapour  of  water,  and  it  is  by  distillation  that  they 
are  generally  extracted.  The  plant  is  put  into  a  still  or  alembic 
containing  water,  and  heat  is  applied;  the  vapour  formed  is 
condensed  in  the  receiver,  and  the  essence,  by  reason  of  its  less 
density,  is  found  swimming  on  the  surface  of  the  water  which 
has  been  distilled.  Some  volatile  oils  are  obtained  by  pressure, 
those  of  the  citron  and  bergamotte  for  example. 

The  volatile  principles  of  plants  present  somewhat  varied  phy- 
sical properties.  They  are  generally  limpid  and  lighter  than 
water ;  yet  there  are  some  which  are  more  dense,  and  some,  such 
as  camphor,  which  are  solid.  With  reference  to  their  composition, 
volatile  oils  may  be  divided  into  three  classes ;  1  st.  Oils  com- 
posed entirely  of  carbon  and  hydrogen.  2nd.  Oils  composed  of 
carbon,  hydrogen,  and  oxygen.  3rd.  Essential  oils  containing 
sulphur ;  in  addition  to  which,  the  essential  oil  of  mustard  seed 
contains  azote. 

The  essential  oils  undergo  a  change  by  long  contact  with  the 
air :  they  absorb  oxygen,  and  many  of  them  become  acidified ; 
under  the  influence  of  this  gas,  the  oil  of  bitter  almonds  is 
changed  into  benzoic  acid,  the  oil  of  cinnamon  into  cinn-amic 
acid ;  in  a  general  way,  acetic  acid  is  produced.  The  volatile 
oil  obtained  from  any  plant  almost  always  contains  two  distinct 
principles,  which  may  be  separated  by  careful  distillation ;  one  of 
these  principles  is  a  carburet  of  hydrogen,  the  other  an  oxy- 
genated oil.  Camphor  is  combined  with  essential  oils  in  many 
plants  of  the  labiate  family.     It  exudes  from  certain  laurels ;  it 
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18  fix>m  the  Laurus  camphora  that  all  the  camphor  of  commerce 
18  extracted  in  the  East,  the  extraction  being  effected  precisely 
by  the  same  process  as  other  essential  oils.  The  chips  of  the 
Laurus  camphora  are  put  into  iron  stills,  surmounted  by  earthen- 
ware capitals,  in  the  inside  of  which  a  number  of  ropes  made  of 
rioe-straw  are  stretched ;  the  camphor  rises  and  is  condensed  on 
the  euT&ce  of  these  cords  in  the  state  of  a  grey  powder ;  it  is 
refined  by  sublimation. 
Aooording  to  M.  Dumas,  camphor  contains : 

Carbon 79.2 

Hydrogen  ....     10.4 

C^gen    .....     10.4 
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Essential  oils  almost  always  hold  certain  substances  in  solu- 
tion which  make  them  viscid  or  sticky.  The  balsams  which 
exude  from  the  bark  of  certain  trees  are  nothing  more  than 
solutions  of  resin  in  essential  oils.  When  the  volatile  oil  has 
been  dissipated  by  evaporation,  the  resin  remains  in  the  solid 
state.  There  is  further  a  natural  relation  in  point  of  constitu- 
tion between  essential  oils  and  resins.  The  greater  number  of 
essences  absorb,  as  we  have  said,  oxygen  from  the  atmosphere, 
and  by  this  absorption  they  become  thick,  and  are  changed  into 
resins ;  so  that  in  one  case  the  resin  may  be  a  product  of  the 
oxidation  of  an  essential  oil,  in  another  it  may  merely  be  set  at 
liberty  by  the  dissipation  of  the  essence  which  held  it  in  solu- 
tion. 

The  resins  constitute  friable,  or  soft  solids.  They  are  frisible, 
extremely  inflammable,  and  fixed.  The  resins  are  inodorous 
when  pure:  any  odour  which  particular  resins  possess  is  generally 
attributed  to  the  essential  oil  which  they  still  retain.  The  resins 
are  insoluble,  or  very  sparingly  soluble  in  water ;  some  of  them 
dissolve  readily  in  alcohol  and  in  ether,  and  there  are  some  also, 
sudi  as  copal,  which  are  only  soluble  in  very  small  quantity. 
Some  resins  shew  add  reaction  ;  they  combine  with  bases,  neu- 
tralizing them.  The  greater  number  of  resinous  matters  ob- 
tained from  plants  are  regarded  by  chemists  as  mixtures  of 
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several  particular  resins,  the  study  of  which  is  not  yet  much  ad- 
vanced. Some  resins  are  much  employed  in  the  arts,  such  as 
colophony  and  copal,  &c.  Several  balsams  are  also  in  familiar 
use,  particularly  as  medicines,  such  as  the  balsam  of  tolu,  bal- 
sam of  copaiba,  &c. 

Colophony,  or  rosin,  is  extracted  from  different  kinds  of  the 
genus  Pinus.  In  the  Landes,  or  sandy  plains  of  Bordeaux,  it 
is  the  maritime  pine  which  yields  it.  When  the  tree  is  from 
thirty  to  forty  years  of  age,  incisions  are  made  in  the  trunk, 
beginning  at  the  lower  part,  two  or  three  times  a  week,  and  these 
are  continued  to  the  height  of  from  6  to  10  feet  from  the 
ground  ;  the  last  notch  generally  reaches  this  height  about  four 
years  after  the  tree  has  been  notched  for  the  first  time.  After 
this  a  new  series  of  notches  is  begun  on  the  opposite  side,  setting 
out  from  the  ground  as  before,  and  in  this  way  the  whole  circum- 
ference of  the  tree  finally  presents  a  series  of  notches,  so  that  a 
tree  will  continue  to  yield  tiupentine  during  a  period  of  sixty 
years.  The  turpentine  which  exudes  fit)m  the  notches  is  col- 
lected in  a  hole  dug  in  the  ground. 

Crude  turpentine  always  contains  a  quantity  of  intermixed 
foreign  matters,  earth,  stones,  leaves,  &c.  It  is  purified  by  being 
melted,  and  filtered  hot  through  a  bed  of  straw.  By  distillation 
it  is  separated  into  essential  oil,  which  is  condensed  in  the  re- 
ceiver, and  colophony,  or  rosin,  which  remains  in  the  still.  From 
2501bs.  of  turpentine  30lbs.  of  essence  and  220lbs.  of  rosin  are 
generally  obtained. 

Copal  is  the  produce  of  a  tree  which  is  somewhat  common  in 
Madagascar,  and  which  M.  Perrotet  has  determined  to  be  the 
Hymeruea  verrucosa.  The  balsam  or  sap  which  exudes  from 
the  bark  solidifies  by  contact  with  the  air,  and  the  resin  is  ga- 
thered in  the  state  in  which  it  is  met  with  in  commerce. 

CAOUTCHOUC. 

The  caoutchouc  which  we  have  mentioned  as  forming  a  con- 
stituent in  the  sap  of  certain  trees  possesses  some  properties 
which  assimilate  it  with  the  resins.  Thus  pure  ether,  fi-ee  from 
alcohol,  dissolves  it.  The  greater  number  of  the  essential  oils 
also  dissolve  it,  particularly  when  hot.   It  is  a  solution  of  Indian 
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robber  in  rectified  coal-tar  oil  or  naphtha,  which  is  now  used  so 
eztenaTely  for  making  stuffs  waterproof.  According  to  Fara- 
day pure  caoutchouc  is  composed  of : 


Carbon    . 
Hydrogen         •        • 

87.2 
12.8 
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Some  plants  produce  a  considerable  quantity  of  a  substance 
whidi  bears  a  great  resemblance  to  bees'-wax,  and  which  in  some 
of  its  properties  approaches  fatty  bodies.  Proust  discovered  that 
vegetable  wax  formed  part  of  the  green  fecula  of  a  great  num- 
ber of  v^etables.  In  the  common  cabbage  it  occurs  in  large 
quantity.  It  is  often  met  with  forming  a  varnish  on  the  surface 
cf  leaves,  fi-uit,  and  barks ;  the  substance,  however,  is  far  fi-om 
being  identical ;  it  almost  always  results  fix)m  the  combination  of 
several  distinct  principles  which  have  not  yet  been  sufBciently 
studied,  but  among  which  there  are  obviously  some  true  fatty 
substances,  that  is  to  say,  bodies  capable  of  saponification,  and 
matters  analogous  to  the  resins.  I  shall  here  mention  a  few  of 
the  vegetable  waxes  which  are  best  known. 

WcLx  of  the  palm.  This  is  the  product  of  the  Ceroxylon  an- 
dicoUiy  which  is  very  abundant  on  the  central  Cordillera  of  New 
Granada.  I  believe  that  I  met  with  the  lower  limit  of  the  cero- 
xylon upon  the  borders  of  the  torrent  of  Tochecito,  at  the  height 
of  7500  feet  above  the  level  of  the  sea,  and  I  followed  it  to  an 
absolute  elevation  of  about  8500  feet.  The  extreme  mean  tem- 
peratures comprised  between  these  two  limits  may  be  valued  at 
firom  1 1^  to  18^  cent. ;  51.8^  to  64.4^  Fahr.  Towards  the  supe- 
rior limit,  the  ceroxylon  is  exposed  to  a  cold  during  the 
night,  which  approaches  the  fizzing  point  of  water ;  it  is  there- 
fore fi'equently  met  with  in  company  with  the  great  oak  of 
America,  whose  climate  it  stands  very  well. 

The  Indians  obtain  the  wax  by  scraping  the  bark  of  the  palm : 
the  scrapings  are  then  boiled  in  water ;  the  wax  swims,  without 
however  melting ;  it  is  merely  softened,  and  the  impurities  which 
it  contains  are  deposited.  The  matter  thus  purified  is  formed 
into  baQs  and  set  to  dry  in  the  sun.     It  is  with  this  substancci 
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to  which,  however,  a  small  quantity  of  fat  is  often  added  to  ren- 
der it  less  brittle,  that  the  loaves  of  wax  and  the  candles  of  the 
country  are  formed.  After  it  has  been  melted,  the  cera  de 
pahna  is  of  a  deep  yellow  colour,  slightly  translucid,  as  brittle  as 
resin,  and  presenting  a  waxy  fracture  well  characterized.  Its 
melting  point  is  a  little  above  that  of  boiling  water.  Boiling 
alcohol  dissolves  it  readily ;  in  cooling  the  solution  sets  into  a 
gelatinous  mass.     Ether  dissolves  it,  as  do  the  alkalies  also. 

The  wax  of  the  palm  consists  of  two  principles ;  one,  fusible 
above  the  temperature  of  the  boiling  point  of  water,  has  all  the 
physical  properties  of  bees'-wax  ;  the  other  has  the  properties  of 
resin.  The  composition  of  these  substances  upon  analysis  ap- 
pears to  be: 


Wax. 

Resin. 

Carbon 

81.6 

83.7 

Hydrogen 

13.3 

11.5 

Oxygen 

5.1 

4.8 

100  100 

Wax  of  the  Myrica  cerifera.  This  wax  is  procured  by 
boiling  the  fruit  of  several  species  of  myrica  in  water.  The  tree 
is  extremely  common  in  Louisiana  and  the  temperate  regions  of 
the  Andes.  The  fruit  yields  as  much  as  25  per  cent,  of  wax, 
and  a  single  shrub  will  yield  from  24  to  30lbs.  of  berries  per 
annum.  The  crude  wax  is  green,  brittle,  and,  to  be  made  into 
candles,  requires  the  addition  of  a  certain  quantity  of  grease. 
According  to  M.  Chevreul  the  wax  of  the  myrica  is  saponifiable. 

Wax  of  the  sugar-cane, — ^The  sugar  cane,  particularly  the 
violet  variety,  is  covered  with  a  powder  or  bloom  of  a  waxy  na- 
ture, which  melts  at  the  temperature  of  82®  cent.  (180®  Fahr.) 
This  wax  is  so  hard  that  it  can  be  pulverized ;  it  may  be  made 
into  candles  which  for  the  brilliancy  of  their  light  are  not  inferior 
to  those  of  spermaceti.  M.  Avequin,  who  directed  attention  to 
this  subject,  found  by  his  experiments  that  a  hectare  (nearly  2  J 
acres  English)  of  the  violet  cane  would  fiimish  nearly  2001bs.  of 
wax.  This  wax  is  entirely  soluble  in  boiling  alcohol ;  ether  does 
not  dissolve  it  in  the  cold.  It  appears  to  constitute  a  perfectly 
defined  immediate  vegetable  principle,  the  composition  of  which, 
according  to  M.  Dumas,  is  the  following: 
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Carbon  .  .  .  .81.4 
Hydrogen  .  .  .  14.1 
Oxygen    ....        4.5 


100 

CBLOBOPBTLLF. 

The  green  matter  which  colours  the  leaves  of  vegetables  is  so 
designated.  The  attempts  which  have  been  made  to  isolate  this 
matter,  render  it  probable  that  it  is  somewhat  of  the  nature  of 
the  Y^etable  waxes.  Pelletier  and  Caventou  endeavoured  to 
procure  it  by  treating  with  cold  alcohol,  the  pulp  remaining 
after  expressing  all  the  juices  from  the  leaves  of  various  her- 
baceous plants.  By  evaporation  of  the  alcoholic  liquor,  a  sub- 
stance of  a  deep  green  colour  was  obtained,  which  is  chlorophylle, 
a  matter  soluble  in  ether,  in  alcohol,  the  oils  and  the  alkalies. 
Heated,  it  softens  and  is  decomposed  before  it  melts.  Acetic 
add  dissolves  it  in  very  appreciable  quantities,  so  do  the  sul- 
phuric and  hydrochloric  acids ;  water  precipitates  it  from  these 
add  solutions.  Berzelius  says  that  chlorophylle  exists  only  in 
very  small  quantity  in  plants,  the  leaves  of  a  large  tree  will  not 
perhaps  contain  more  than  about  100  grains. 

OF  COLOURING    MATTBRS. 

The  matters  which  colour  the  different  parts  of  plants  are 
extremely  numerous ;  they  present  great  varieties  of  shade,  but 
are  in  general  derived  from  red,  yellow,  and  green.  It  is  seldom 
that  the  colouring  matter  of  a  plant  exists  isolatedly,  it  is  almost 
always  allied  with  one  or  several  immediate  principles,  which  are 
themselves  frequently  coloured.  Thus  red  colouring  matters  are 
generally  combined  with  yellow  principles,  which  having  nearly 
the  same  properties,  one  is  with  great  difficulty  separated  from 
another. 

Ck>louring  matters  are  solid,  inodorous,  and  have  little  taste. 
Some  are  soluble  in  water,  others  only  dissolve  in  alcohol  or  in 
ether.  AU  combine  with  the  alkalies,  and  several  of  them 
unite  intimately  with  acids ;  the  greater  number  are  powerfully 
affected,  undergo  a  true  destruction,  on  exposure  to  the 
sun's  rays,  espedally  when  in  contact  with  moist  air.     It  is 


182  INDIGO. 

familiarly  known  that  vegetable  tissues  of  all  kinds,  bees'-wax, 
&c.  are  bleached  by  exposure  to  the  sun  and  air ;  a  high  tempe- 
rature acts  like  light :  some  vegetable  colours  are  altered,  bleached, 
when  they  remain  exposed  for  a  time  to  a  temperature  of  from 
334^  to  424®Fahr.  The  oxygen  of  the  air,  which  so  quickly 
destroys  certsdn  colours,  devdopes  others  imder  particular  cir- 
cumstances. 

Alkalies  and  adds,  by  uniting  with  vegetable  colours,  almost 
always  modify  their  tints  and  often  change  them  entirely.  Many 
blues,  for  instance,  become  reds,  under  the  agency  of  acids, 
greens  or  ydlows  imder  that  of  alkalies.  By  neutralizing  the 
add  or  the  alkali,  the  colour  generally  resumes  its  original  tint. 

Several  substances,  which  are  colourless  in  the  state  in  which 
they  are  formed  in  vegetables,  become  coloured  by  the  united 
action  of  oxygen  and  an  alkali,  such  as  orceine,  which  is  oxydated 
and  becomes  blue  under  the  simultaneous  contact  of  air  and 
ammonia.  The  greater  number  of  vegetable-colouring  matters 
are  destroyed  and  bleached  by  chlorine.  Many  of  the  same 
matters  unite  intimately  with  alumina  and  oxide  of  tin  to  form 
lakes,  insoluble  compounds  in  which  the  colours  remain  iSxed ; 
thus  a  coloured  liquid  often  becomes  colourless  when  it  is  shaken 
with  an  hydrate  of  alumina.  Charcoal,  in  a  state  of  extreme 
subdivision,  acts  like  alumina,  and  is  a  powerful  discharger  of 
colours  in  every  day  use  in  the  arts.  Colouring  matters  are 
generally  ternary  compounds,  though  some  of  them  also  contain 
azote ;  and  several  of  them  exhibit  the  remarkable  phenomenon 
that  in  undergoing  oxidation  in  contact  with  ammonia  they 
assimilate  the  azote  of  this  alkali.  I  shall  now  indicate  the  origin 
and  the  mode  of  preparing  a  few  of  the  more  important  of  these 
colouring  matters. 

Indigo.  This  substance,  so  essential  in  the  art  of  dyeing,  has 
been  one  of  the  great  staples  of  trade  with  Asia  from  the  most 
remote  times.  For  a  long  while  indigo  was  regarded  in  Europe 
as  a  mineral  substance  foxmd  in  India ;  it  used  to  be  designated 
Indian  or  India  stone  whence  the  name  of  indigo.  It  was  not 
until  after  the  discovery  of  America  that  the  true  nature  of  this 
dye  stuff  was  known,  although  before  this  period  indigo  had 
been  made  in  Arabia,  Egypt,  and  even  in  the  Island  of  Malta. 


INDIGO.  1 83 

Indigo  is  volatile,  so  that  to  obtain  it  pure,  it  is  enough  to 
put  a  small  quantity  into  a  platinum  capsule,  to  cover  it  with  a 
lid  and  to  expose  it  to  heat.  Indigo  is  volatilized  in  the  state 
of  violet  coloured  vapour,  and  collects  in  crystals  upon  the  middle 
part  of  the  sides  of  the  capsule.  Indigo  gives  nothing  to  water 
or  to  ether.  Alcohol  takes  up  a  very  small  quantity  of  it ;  con- 
centrated sulphuric  add  dissolves  and  modifies  it. 

All  bodies  greedy  of  oxygen  appear  to  reduce  or  deoxidize 
this  colouring  principle ;  it  changes  to  a  yellow,  and  becomes 
soluble  in  water  in  contact  with  alkalies ;  by  exposing  the  alka- 
line liquor  charged  with  the  uncoloured  indigo  to  the  air,  it  ab- 
sorbs oxygen  rapidly,  and  the  indigo  becomes  insoluble  and  is 
precipitated  with  its  original  blue  colour.  It  is  most  easy,  as  said, 
to  disoxidize  indigo ;  it  is  sufficient  to  bring  it  into  contact  with 
hydrogen  gas  in  the  nascent  state,  a  condition  which  is  readily 
secured  by  throwing  iron  or  zinc  filings  into  water  containing 
the  colouring  matter  previously  dissolved  in  sulphuric  acid.  The 
disengagement  of  the  hydrogen  has  scarcely  commenced  before 
the  deep  blue  colour  of  the  solution  declines  in  intensity,  and 
by  and  by  it  becomes  of  a  very  pale  grey.  When  the  discharge 
of  colour  is  completed,  and  no  more  hydrogen  is  disengaged,  the 
colourless  indigo  begins  to  react  upon  the  air,  it  absorbs  oxygen, 
becomes  again  oxidized,  and  by  and  by  the  liquid  has  resumed 
its  deep  blue.  This  property  of  indigo  of  becoming  soluble  in 
alkaline  solutions  under  the  influence  of  disoxidizing  bodies,  is 
taken  advantage  of  in  our  laboratories  to  obtain  indigo  in  a  state 
of  purity,  and  in  the  arts  to  prepare  a  dyeing  liquid.  If  a  mix- 
ture be  made  of  1 5  parts  of  the  indigo  of  commerce  reduced 
to  fine  powder,  10  parts  of  the  sulphate  of  the  protoxide  of  iron, 
1 5  parts  of  lime  and  60  parts  of  water,  and  it  be  left  for  several 
days  in  a  closed  vessel,  a  coloiirless  liquid  is  obtained.  The  liquid 
decanted  and  exposed  to  the  air,  deposits  the  whole  of  its  in- 
digo after  a  time.  It  is  with  similar  ingredients  that  the  dyer 
prepares  his  bath  for  blue.colours.  It  is  into  the  alkaline  liquor 
so  prepared  that  the  stuff  to  be  dyed  is  dipped ;  it  is  then  hung 
up  in  the  air,  where  it  soon  becomes  blue ;  it  is  re-dipped  and 
re-exposed  again  and  agam,  until  it  has  acquired  the  depth  of 
tint  required,  after  which  it  is  washed.     The  indigo  rc^nerated 
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by  the  action  of  the  air  remains  fixed  in  the  stuff,  and  proves, 
as  all  the  world  knows,  one  of  the  most  solid  of  colours. 

Chemists  are  not  agreed  as  to  the  true  nature  of  colourless 
indigo  which  may  be  obtained  in  the  solid  state.  Some  regard 
it  as  indigo  disoxidized,  others  as  indigo  hydrogenized.  On  the 
latter  supposition,  the  hydrogen  fixed  would  be  derived  from  the 
water  decomposed,  the  oxygen  of  which  would  be  transferred  to 
the  bodies  greedy  of  this  element,  which  are  brought  into  play. 
The  latter  of  these  views  appears  to  have  the  ascendant  at  the 
present  time.  However  this  may  be,  the  following  is  the  com- 
position of  indigo  in  each  of  its  states,  as  determined  by  M. 
Dumas: 

Blue  Indigo.     White  Indigo. 

Carbon      .  .  73.1  73.0 

Hydrogen .  •  4.0  4.5 

Azote        .  .  10.8  10.6 

Oxygen     .  .  12.1  11.9 


100.0  100.0 

The  plants  which  have  hitherto  been  cultivated  for  the  pro- 
duction of  indigo  with  any  profit  are  not  numerous;  they 
belong  to  the  genera  Indigofera^  Isatis  et  Nervam ;  it  is  the 
genus  Indigofera  which  is  most  generally  cultivated,  and  the 
species  designated  argentea  is  found  to  be  the  most  profitable. 
M.  Chevreul  has  ascertained  that  in  the  living  plant  the  indigo 
is  not  coloured,  and  that  it  is  consequently  during  its  extraction 
that  it  becomes  blue.  The  experiments  of  M.  Pelletier  upon 
the  Polygonum  tinctorium  have  confirmed  the  old  researches  of 
M.  Chevreul.  After  having  dried  a  leaf,  Pelletier  digested  it 
with  ether  in  a  closed  flask.  The  whole  of  the  chlorophylle 
was  dissolved,  and  the  leaf  became  completely  blanched ;  by 
exposing  it  afterwards  to  the  air,  it  turned  blue  if  it  contained 
indigo. 

In  the  republic  of  Venezuela,  where  I  had  an  opportunity  of 
studying  the  cultivation  of  the  indigo-bearing  plants,  I  saw  that 
those  soils  were  preferred  which  were  light  and  susceptible  of 
irrigation,  a  condition  indeed  which  seems  to  me  all  but  indis- 
pensable to  the  profitable  exercise  of  agriculture  within  the 
tropics.      Indigo  requires  a  warm  climate ;  at  an  elevation  of 
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about  3250  feet,  English,  above  the  level  of  the  sea,  where  the 
mean  temperature  is  not  more  than  from  72^  to  75^  Fahr.  the 
indigo  husbandry  cannot  be  carried  on  with  advantage.  Never- 
theless the  Indigofera  sylvestris  is  met  with  at  an  elevation  of 
about  4900  feet  above  the  level  of  the  sea ;  but  the  attempts 
that  have  been  made  to  obtain  colouring  matter  from  the  plant 
have  proved  fruitless.  In  the  valley  d'Aragua,  where  the  best 
plantations  are  met  with,  the  plant  is  sowed  in  lines,  the  holes 
destined  to  receive  the  seed  being  about  If  inch  in  depth,  and 
somewhat  more  than  25  inches  apart.  A  pinch  of  seed  is 
dropped  into  each  hole,  and  is  covered  with  a  little  earth.  The 
sowing  takes  place  in  soils  that  are  moist  but  weU  drained,  or  in 
situations  generally  which  have  no  system  of  irrigation  at  the 
period  of  the  first  rains.  The  seeds  shoot  in  the  course  of  the 
first  week ;  hoeing  is  performed  in  the  course  of  the  month. 
The  first  cutting  takes  place  when  the  plant  is  coming  into 
flower ;  from  fifty  to  sixty  days  generally  intervene  between  the 
sowing  and  this  cutting ;  but  the  time  necessary  for  the  deve- 
lopment of  the  leaves  depends  of  course  upon  the  climate.  In 
the  neighbourhood  of  Maracaibo  where  the  mean  temperature 
is  about  78^  Fahr.,  the  gathering  does  not  take  place  before  the 
third  month.  The  second  cutting  is  performed  from  45  to  50 
days  after  the  first ;  and  in  this  way  several  successive  crops  are 
obtained,  until  it  is  seen  that  the  plant  begins  to  degenerate.  In 
good  soils  the  indigo  will  last  for  two  years ;  in  soils  of  infericn: 
quality  the  crop  is  generally  annual. 

The  indigo  harvest  is  immediately  transported  to  tanks  or  large 
rectangular  reservoirs  built  of  masonry,  and  disposed  on  different 
levels,  the  superior  reservoir  or  steeping  tank  being  much  larger 
than  the  two  others.  In  the  valley  d'Aragua,  there  are  some 
which  are  upwards  of  20  feet  long  by  1 5  feet  wide,  and  20 
inches  in  depth. 

The  second  or  mashing  tank,  is  narrower  and  deeper  than 
the  former.  The  third  reservoir  or  depositing  tank,  receives  the 
liquor  froia  the  mashing  tank,  and  in  it  the  indigo  subsides. 
In  some  manufactories  the  third  tank  is  not  used,  the  deposition 
taking  place  in  the  mashing  tank  itself. 

The  leaves,    as   the    name  implies,   are  thrown  into  the 
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steeper,  covered  with  water,  and  kept  down  by  planks  loaded 
with  stones ;  fermentation  soon  begins,  and  is  allowed  to  continue 
during  about  eighteen  hours ;  and  in  the  management  of  this 
first  operation  lies  much  of  the  art  of  the  indigo-maker.  By 
continuing  it  too  long  some  portion  of  the  colouring  matter  is 
destroyed ;  by  stopping  it  prematurely,  a  quantity  of  indigo  is 
left  in  the  leaves.  The  fermentation  judged  to  be  sufficiently 
advanced,  the  liquor  is  run  off  into  the  battery,  and  vigorously 
stirred  until  the  grain  is  deposited.  The  fluid  is  then  either  let 
into  the  subsider,  or  left  in  the  battery,  and  the  depoi^tion  is 
complete  at  the  end  of  about  twenty  hours ;  the  supematent 
fluid  is  drawn  off,  and  the  indigo  paste  is  scooped  out  and 
placed  upon  cloths  to  drain.  When  sufficiently  firm,  it  is 
divided  into  lumps,  and  these  are  set  in  the  shade  to  dry.  In 
the  valley  d'Aragua  it  is  estimated  that  with  a  good  soil  and 
careful  management,  each  hectare  of  surface  will  yield  280lbs. 
of  marketable  indigo,*  which  is  at  the  rate  of  about  1 1 2^1bs. 
per  English  acre. 

In  Carolina  the  cultivation  of  indigo  appears  to  be  much  less 
productive  than  in  the  equinoxial  regions,  and  the  produce  is  of 
inferior  quality.  There  they  sow  in  drills  in  the  commencement 
of  the  rainy  season  which  follows  the  vernal  equinox,  and  the 
first  crop  is  gathered  about  the  beginning  of  July ;  the  second  is 
secured  two  months  afterwards,  and  when  the  autumn  is  mild, 
a  third  but  insignificant  gathering  takes  place  at  the  end  of 
September.  One  negro  is  allowed  to  be  able  to  work  nearly 
two  acres  and  a  half  of  ground,  from  which  about  1 601bs.  of 
indigo  are  obtained. 

In  the  East  Indies,  upon  the  Coromandel  coast,  the  growth 
of  indigo  takes  place  upon  sandy  soils  which  are  not  irrigated^ 
and  in  which  vegetation  is  only  possible  during  the  rainy  season. 
The  loamy  soils  that  admit  of  being  irrigated  are  almost  always 
reserved  for  the  growth  of  rice.  Immediately  after  the  rains  have 
set  in,  in  December,  the  land  receives  two  superficial  ploughings ; 
the  indigo  is  sown  broad-cast,  and  the  seed  is  harrowed  in  by 
dragging  a  faggot  of  bamboos  over  the  surface,  or  by  treading  in 
by  means  of  a  flock  of  sheep.  The  first  and  principal  gather- 
*  Cadozzii  Resumen  de  la  (}eografia  de  Venezuela,  p.  144. 


INDIGO.  187 

ing  takes  place  in  March ;  any  other  crop  that  may  be  won  is 
purely  casual,  and  entirely  dependent  on  the  rain  that  fisdls. 
The  crop  rarely  fails  to  feel  the  effects  of  the  droughts  which  so 
frequently  take  place  upon  the  Coromandel  coast.  It  is  never 
abundant,  and  the  plants  have  little  vigour.  The  harvest  takes 
place  after  the  flowering  season.  The  crop  is  dried  in  the  sun ; 
the  plant  is  then  beaten  with  switches,  by  which  the  leaves 
are  detached  from  the  stems,  after  which  they  are  exposed  anew 
to  the  sun  to  secure  their  being  perfectly  dry.  They  are  then 
reduced  to  coarse  powder  and  handed  over  to  the  indigo  maker, 
for  in  India  the  planter  is  never  himself  the  manufacturer  of  the 
dye-stuff. 

On  the  coast  of  Coromandel,  indigo  is  always  extracted  from 
the  dried  leaves,  which  bruised  and  broken,  are  infxised  in  three 
or  four  times  their  bulk  of  cold  water  during  two  or  three 
hours ;  the  infrision  is  then  filtered  through  a  loose  stuff  made 
of  goat's  hair ;  the  filtered  liquor  is  beaten  for  two  hours,  and 
afl«r  this  about  five  gallons  of  lime-water  are  added  for  every 
1  OOlbs.  of  dried  leaves ;  the  mixture  is  stirred,  and  then  left  to 
settle.  When  the  deposit  has  formed,  the  supematent  liquor  is 
drawn  off,  the  sediment  is  washed  with  a  little  boiling  water, 
and  being  thrown  upon  a  doth,  the  indigo  is  drained  and  dried. 
It  is  then  pressed,  and  the  paste  is  cut  into  cubical  lumps  which 
are  thoroughly  dried  in  the  air,  and  of  which  each  weighs  nearly 
3  ounces. 

In  the  Indian  method  of  manufacturing  indigo,  all  is  accom- 
plished, as  appears,  without  fermentation.  This  indigo  is  little 
esteemed  in  commerce;  it  is  heavy,  of  a  pale  blue,  without 
much  of  the  coppery  aspect,  rough  on  the  broken  surface,  and 
presents  here  and  there  white  points  and  vegetable  debris.  An 
acre  of  land  on  the  Coromandel  coast  will  produce  from  48  to 
49lbs.  of  indigo  annually. 

In  spite  of  the  high  price  of  indigo,  so  small  a  quantity  would 
scarcely  cover  the  cost  of  production,  were  not  the  wages  of  the 
Indian  labourer  exceedingly  low.  The  whole  expense  of 
producing  a  kilogramme,  or  2^bs.  avoird.  of  indigo,  according 
to  M*  Plagne,  amounts  to  3  firancs,  20  cents,  or  about 
28.  8d. 
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The  cultivation  of  the  indigo  plant  has  been  attempted  several 
times  in  the  south  of  Europe,  particularly  in  Spain  and  Italy. 
There  is  no  doubt  but  that  indigo  may  be  grown  in  Europe  in 
those  situations  where  for  three  or  four  months  of  the  year  the 
temperature  is  truly  tropical ;  but  it  seems  probable  that  indigo 
can  never  be  advantageously  introduced  into  the  agriculture  of 
temperate  countries. 

Before  indigo  was  so  extensive  an  article  of  commerce  as  it  is 
now,  the  south  of  France  used  to  furnish  almost  all  the  mar- 
kets of  Europe  with  a  blue  dye,  which  was  the  best  then 
known ;  this  was  woad  or  pastel,  the  produce  of  the  hatis  tine- 
toria. 

The  isatis  is  sufficiently  hardy  to  stand  the  cold  of  winter. 
In  the  south  it  is  sown  in  March,  and  the  seed  springs  in  from 
eight  to  ten  days.  When  the  plant  has  five  or  six  leaves,  it  is 
hoed  with  care.  The  crop  is  gathered  when  the  leaves  have  ac- 
quired their  greatest  size,  when  they  even  begin  to  fade  a  little. 
The  preparation  of  woad  bears  a  certain  resemblance  to  that  of 
indigo,  and  need  not  detain  us  here. 

The  Polygonum  tinctorium  has  of  late  attracted  the  attention 
of  European  cultivators.  The  plant  is  a  native  of  China  where 
it  has  been  cultivated  fix)m  time  immemorial ;  it  was  brought 
into  France  and  propagated  under  the  care  of  M.  de  Lille.  In 
the  course  of  three  months  the  plant  has  thrown  out  all  its 
leaves,  and  in  the  south  of  France  it  never  fails  to  ripen  its  seeds. 
From  some  experiments  that  have  been  made,  the  leaves  of  the 
polygonum  appear  to  contwi  about  the  five-thousandth  of  their 
weight  of  indigo,  and  as  the  acre  of  land  will  yield  between 
11,000  and  ll,900lbs.  weight  of  leaves,  the  produce  of  colour- 
ing matter  will  come  to  upwards  of  56§lbs. 

The  indigo  obtained  from  the  polygonum  by  the  methods 
generally  practiced  is  not  always  of  fine  quality.  It  contains 
matters  which,  having  been  dissolved  in  the  water  used  for 
maceration,  had  subsequently  been  precipitated.  M.  Vilmorin 
proposed  to  adopt  on  the  great  scale  and  in  the  manufactory, 
the  methods  which  are  used  for  purifying  indigo  in  the  labo- 
ratory, and  which  consists,  as  we  have  seen,  in  reducing 
coloured  and  insoluble  indigo  to  the  colourless  and  insoluble 
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state  by  means  of  a  salt  of  the  protoxide  of  iron  in  contact  with 
an  alkali,  and  subsequently  to  restore  its  colour,  and  effect  its 
precipitation  by  contact  with  the  oxygen  of  the  air.  It  is  ob- 
vious that  this  method  is  perfectly  applicable  to  the  treatment 
of  the  whole  of  the  indigoferous  plants,  and  I  believe  that  its 
adoption  would  be  a  great  improvement. 

Orchil,  This  colouring  matter,  of  a  deep  purple,*  is  prepared 
from  certain  lichens  or  limg-worts ;  that  which  is  most  prized 
is  the  rocella  tinctoria^  a  native  of  the  Canaries  and  Cape 
de  Verd  Islands.  The  variolaria  dealbata,  the  var.  asper^ 
gUliay  and  the  lichen  corallinuSi  which  grow  upon  the  rocks  of 
Auvergne,  and  on  the  Alps  and  Pyrenees,  yield  a  produce  of 
mferior  quality. 

To  obtain  the  orchil,  the  lichens  are  steeped  for  several  days 
in  their  own  weight  of  stale  \uine.  Into  the  mixture  about 
5  per  cent,  of  slaked  lime  in  powder,  a  small  quantity  of  arse- 
nious  acid,  and  a  little  alum  are  introduced.  Fermentation  is 
by  and  by  set  up  in  the  mass,  which  soon  acquires  the  charac- 
teristic colour  of  the  orchil,  but  the  tint  is  never  complete  until 
the  expiration  of  about  a  month. 

Orchil  readily  communicates  its  peculiar  colour  to  water  and 
to  alcohol;  the  watery  solution,  which  is  of  a  fine  crimson, 
becomes  colourless  in  a  few  days  when  it  is  kept  in  a  flask  her- 
metically sealed ;  it  regains  its  colour  by  exposure  to  the  air. 
Tlie  colour  which  is  acquired  during  the  manufacture  of  orchil 
indicates  that  the  lichens  which  yield  it  contain  principles  which 
are  colourless  in  themselves,  but  which  possess  the  singular 
property  of  becoming  tinted  under  the  influence  of  oxygen  and 
ammonia ;  for  in  the  preparation  of  orchil,  the  addition  of  luine 
and  of  lime  have  no  other  purpose  beyond  the  introduction  and 
development  of  this  alkaline  base.  This  view  is  shown  to  be 
correct,  moreover,  by  the  fects  brought  to  light  by  MM.  Heeren 
and  Robiquet  in  their  inquiries  into  the  chemical  constitution  of 
the  lichens.  These  chemists,  in  fact,  succeeded  in  extracting  from 
several  of  the  lichens  which  yield  orchil  a  variety  of  colourless 
crystalline  principles,  in  particular  orcine,  a  substance  which  may 
be  procured  in  very  regular  quadrangular  prisms,  and  which  is 
sduble  in  water  and  in  alcohol.     The  watery  solution  of  orcine 
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mixed  with  ammonia  and  exposed  to  the  air,  becomes  gradually 
of  a  deeper  and  deeper  red  until  it  has  the  colour  of  blood.  The 
result  of  this  oxidation  of  orcine  under  the  action  of  ammonia 
is  a  colouring  principle,  orceine,  into  the  constitution  of  which 
azote  enters,  an  element  which  formed  no  part  of  orcine ;  the 
analyses  of  these  two  substances  made  by  M.  Dumas,  show  this 
&ct  very  distinctly :. 

Dry  ordne.  Oroelne. 

Carbon  .  •  67.8  55.9 

Hydrogen  .  .  6.5  5.2 

Oxygen  .  .  25.7  31.0 

Azote  •  .  .  7.9 


100.0  100.0 


The  lichens  furnish  several  other  principles  analogous  to  orcine 
in  their  property  of  acquiring  colour  imder  similar  circum- 
stances. 

Turnsole.  This  colouring  matter  is  met  with  in  commerce 
in  two  states,  in  mass  and  in  thin  cakes,  and  is  procured  from 
various  lichens  which  have  not  yet  been  accurately  specified ;  in 
any  case  the  substance  is  obtained  by  a  process  which  differs  little 
from  that  used  in  the  manufacture  of  orchil.  According  to 
Mr.  Kane,  the  colouring  principles  of  turnsole  are  naturally  red  : 
they  only  become  blue  by  combining  with  a  base.  The  colour- 
ing matters  which  predominate  in  turnsole  are  erythrolitmine 
and  azolitmine,  which  are  united  with  lime,  potash  and  am- 
monia, and  further  mixed  with  a  considerable  quantity  of  chalk 
and  sand.  The  analyses  of  Kane  show  these  two  substances 
to  have  the  following  composition : — 

Eiythrolitmiiic.  AjEoUtmiiie. 

Carbon     .        .     55.6  49.8 

Hydrogen  .8.4  5.4 

Oxygen    •        .    36.0     oxygen  and  azote    44.8 

100.0  100.0 

Turnsole  occurs  in  trade  in  the  shape  of  thin  cakes,  made  up 
of  chips,  which  are  coloured  by  the  juice  oichroyophoria  tinctoria^ 
a  plant  of  the  euphorbiaceous  family,  and  of  which  the  dyeing 
properties  appear  to  have  been  known  to  the  earliest  natundists. 

Madder.    The  root  of  the  madder  plant,  so  commonly  em- 
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ployed  in  dyeing,  contains  more  than  one  colouring  matter ;  but 
the  most  important  of  these  and  that  which  constitutes  the  most 
useful  element  in  the  root,  is  alizarine,  which  was  discovered  by 
M.  Robiquet. 

This  substance  is  scarcely  soluble  in  boiling  water,  but  it  is 
soluble  in  alcohol  and  still  more  so  in  ether,  to  which  it  imparts 
a  golden  yellow  colour.  Alkaline  liquors  dissolve  it  and  acquire 
a  violet  shade  extremely  agreeable  to  the  eye.  Alizarine  is 
sublimed  by  the  action  of  heat  in  the  form  of  brilliant  red 
needles. 

Madder  (rubia  tinctorum,)  is  a  native  of  the  south  ;  but  as  it 
stands  the  winter,  it  is  now  cultivated  almost  all  over  Europe ; 
the  plant  is  propagated  by  seeds,  but  there  are  certain  advantages 
in  using  the  sprouts  which  it  throws  out  in  the  spring  and 
which  readily  take  root.  The  plant  requires  a  friable  soil, 
sufficiently  moist  and  highly  manured  to  receive  it ;  the  soil 
must  be  previously  trenched  or  have  had  a  very  deep  ploughing*. 
In  the  East  of  France  the  planting  takes  place  in  April  or  May. 
The  sprouts  which  are  to  be  transplanted  must  be  about 
6  inches  long.  When  the  plant  has  struck  root,  the  ground  is 
cleaned,  and  fifteen  or  twenty  days  afterwards  it  is  hoed ;  in  the 
course  of  the  summer  several  other  hoeings  are  required.  In 
Alsace,  madder  is  planted  in  rows  and  in  patches,  a  certain 
interval  between  each  patch  being  left,  the  earth  of  which,  in  the 
month  of  March  of  the  following  year,  is  thrown  over  the  ground 
that  is  planted. 

In  the  neighbourhood  of  Haguenau,  madder  occupies  the 
ground  during  two  years ;  the  crop  is  gathered  about  the  middle 
of  November.  In  some  districts  the  plant  remains  in  possession 
of  the  soil  for  five  or  six  years.  It  is  generally  allowed  that  the 
amoimt  of  produce  increases  with  time ;  but  in  those  countrieSi 
such  as  Alsace,  where  the  plant  is  liable  to  be  attacked  by  fit)8t, 
it  is  generally  thought  prudent  to  gather  it  at  the  end  of  two 
years ;  the  harvest  is  then  profitable,  and  in  the  course  of  the 
third  or  fourth  or  any  succeeding  winter  it  might  run  the  risk  of 
such  severe  fi*ost  as  would  destroy  it  entirely.  In  southern 
countries  the  growers  say  that  a  crop  of  the  fourth  year  exceeds 
very  considerably  one  of  the  third  year;  but  it  might  be  made  a 
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question  whether  the  increase  actually  compensates  for  the  longer 
occupation  of  the  soiL  And  then  when  the  cultivation  is  too 
much  prolongedy  a  species  of  fungus  is  developed  around  the 
root  and  kills  it.  The  crop  of  madder  is  gathered  with  the  hoe, 
a  laborious  and  costly  process ;  the  roots  are  then  dried  in  stoves 
and  sent  to  the  mill,  so  that  it  is  in  the  state  of  powder  that 
madd^  is  met  with  in  commerce. 

In  Alsace,  where  madder  remains  two  years  in  the  ground, 
the  mean  produce  per  acre  is  estimated  at  about  3,300  lbs.  of 
dried  roots,  which  is  equal  to  an  annual  crop  of  about  1650 
lbs.  In  the  south  of  Fnmce  the  mean  annual  produce  amounts 
to  something  less  than  this  or  to  about  1560lbs.  ;*  but  the 
quantity  has  been  estimated  at  a  considerably  lower  amount  still. 

Besides  its  roots,  madder  yields  an  abundance  of  leaves  which 
are  excellent  forage. 

Reseda  luteola,  or  dyers'  weed,  is  a  plant  in  common  use, 
and  owes  its  properties  as  a  dye-stuff  to  the  presence  of  a  yellow 
crystalline  principle,  luteoline,  discovered  by  M.  ChevreuL  This 
substance  is  soluble  in  ether,  alcohol,  and  alkaline  solutions. 

Dyers'  weed  is  sown  in  autumn,  stands  through  the  winter, 
and  ripens  in  the  month  of  August  following.  The  plant  is 
gathered  when  it  begins  to  turn  yellow,  and  it  is  in  a  marketable 
state  after  it  is  dried.  An  acre  of  land  will  produce  about 
1833lbs.  weight  of  marketable  dye-weed. 

Saffron.  This  plant  is  cultivated  in  the  south  of  France  and 
in  Austria,  but  appears  to  be  a  native  of  Asia.  Saffron  requires 
a  light  and  yet  fertile  soil  in  order  to  produce  abundantly,  al- 
though it  may  also  be  cultivated  in  soils  of  middling  quality. 
The  groimd  trenched  one  spit  deep,  is  set  out  with  bulbs  from  an 
old  plantation.  In  the  south  the  transplanting  takes  place  in  the 
month  of  June.  The  first  flowers  appear  towards  the  middle  of 
October ;  they  are  few  during  the  first  year.  They  are  gathered, 
and  the  pistils  removed ;  the  gathering  continues  for  about  a 
fortnight.  In  the  course  of  the  year,  which  follows  the  planting, 
the  ground  receives  a  surface  dressing ;  it  is  freed  fi*om  weeds, 
and  the  withered  leaves  are  removed.  The  next  gathering  takes 
place  at  the  same  period  as  the  former,  but  the  flowers  are  now 

*  De  Oasparin,  Agricultural  Memoirs,  vol  u.  p.  243. 
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much  more  abundant,  and  the  same  process  is  contmued  until 
the  roots  are  taken  up,  which  they  are  in  France  at  the  end  of 
the  second  year ;  but  in  Austria  the  culture  is  continued  for  a 
mudi  longer  period  in  the  same  piece  of  ground.  The  extrac- 
tion of  the  pistils  is  an  occupation  in  which  the  whole  family  of 
the  safiron  grower  takes  part  and  employs  its  evenings ;  in  the 
course  of  an  evening  of  five  hours,  eight  persons  will  generally 
have  drawn  250  grammes  or  about  8  ounces  of  saffron.  In  some 
places  the  pistils  are  dried  in  the  sun,  in  others  by  being  exposed 
in  a  sieve  over  a  fire  of  twigs ;  the  latter  process  appears  to  be 
the  better  one. 

M.  de  Gasparin  estimates  at  about  1 1  Olbs.  the  saffron  w^hich 
is  gathered  in  the  course  of  two  years  from  about  2^ths  acres 
of  land ;  this  would  give  a  mean  annual  produce  of  about 
43.  Tibs,  per  English  acre,  and  the  price  of  saffron  being  fi-om 
27  to  28  shillings  per  pound,  the  value  of  the  produce  may  easily 
be  reckoned.  In  Austria,  where  the  crop  is  allowed  to  occupy 
the  ground  for  three  years,  the  produce  has  been  estimated  at 
about  19^1bs.  per  acre  per  annum. 

Roucou  is  a  dye-stuff  extracted  from  the  fi-uit  of  the  Bixa 
oreUanaf  a  tree  which  is  extremely  common  in  the  hot  regions 
of  Southern  America. 

Chica.  This  and  the  former  dye-stuff  are  in  use  among  the 
native  Americans  for  staining  the  skin.  It  is  obtained  from  the 
leaves  of  the  Bignonia  chica,  which  are  of  a  beautiful  green 
when  fi^h,  but  become  red  by  drying. 

Chica  has  the  colour  of  cinnabar :  it  is  without  taste  and  with- 
out smell ;  a  mass  of  this  pigment  may  be  compared  to  a  mass 
of  indigo,  it  only  differs  fi'om  this  substance  in  its  colour.  Like 
indigo,  it  acquires  the  metallic  polish  when  rubbed  with  a  hard 
body.  It  dissolves  in  alcohol,  and  in  alkaline  solutions ;  it  mixes 
readily  with  grease,  and  it  is  with  such  a  mixture  that  the  Indians 
paint  their  bodies.  Chica  has  been  employed  in  cotton  dyeing, 
and  tiie*  colour  is  found  to  stand  the  sun  perfectly. 
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^    II. — COMPOSITION    OF  THE   DIFFERENT   PARTS   OF   PLANTS. 

The  immediate  principles,  the  history  of  which  has  now  been 
sketched,  are  met  with  in  greater  or  lesser  quantities  in  different 
parts  of  plants ;  some  of  them  are  accumulated  in  the  roots> 
others  in  the  seeds,  the  bark,  the  leaves,  &c.  To  complete  the 
study  of  the  chemical  constitution  of  vegetables  we  have  still  to 
examine  with  reference  to  their  composition  certain  parts  or 
organs  which  present  sufficient  interest  either  from  thdr  exten- 
sive  employment  or  their  importance  in  an  agricultural  point  of 
view. 

ROOTS    AKD    TUBERS. 

The  Potato  {Solanum  tuberosum).     This  plant  is  a  native  of 
South  America.  Two  English  travellers,  Messrs.  Calddeugh  and 
Baldwin  were  so  fortunate  as  to  meet  with  it  lately  in  the  wild 
state  in  Chili,  and  not  far  from  Monte  Video.     It  is  probable 
that  the  cultivation  of  the  potato  spread  from  the  mountsdns  of 
Chili  to  the  chain  of  the  Andes,  proceeding  northwards  and  ob- 
taining a  footing  successively  in  Peru,  at  Quito,  and  upon  the 
plateau  of  New  Granada.     This,  as  Humboldt  observes,  is  pre- 
cisely the  course  which  the  Incas  took  in  their  conquests.     The 
potato  does  not  appear  to  have  been  introduced  into  Mexico 
until  after  the  European  invasion  of  that  country ;  and  it  is  well 
ascertained  that  it  was  not  known  there  under  the  reign  of  Mon- 
tezuma, although  there  are  not  wanting  some  who  maintain  that 
the  potato  was  foimd  in  Virginia  by  the  first  colonists  sent 
thither  by  Sir  Walter  Raleigh.    It  is  said  that  it  was  then  brought 
into  England  by  Drake ;  but  it  seems  well  established  that  long 
before  Drake's  time,  namely,  in   1545,  a  slave  merchant,  John 
Hawkins  by  name,  had  introduced  tubers  of  the  potato  from  the 
coasts  of  New  Granada  into  Ireland.     From  Ireland  the  new 
plant  passed  into  Belgium  in  1590.     Its  cultivation  was  at  this 
time  neglected  in  Great  Britain,   until  it   was  introduced  by 
Raleigh  at  the  beginning  of  the  seventeenth  century.     When 
the  potato  came  from  Virginia  to  England  for  the  second  time 
it  was  already  disseminated  over  Spain  and  Italy.     It  has  been 
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ascertained  that  the  potato  has  been  cultivated  on  the  great 
scale  in  Lancashire  since  1 684 ;  in  Saxony  since  1717;  in  Scot- 
land since  1728 ;  in  Prussia  since  1738.*  It  was  about  the  year 
1710  that  the  potato  began  to  spread  in  Germany,  and  that  it 
there  became  a  plant  in  common  use ;  it  had,  indeed,  before  this 
time  been  cultivated  in  gardens;  and  had  even  made  its  appearance 
at  the  tables  of  the  rich  some  time  previously.  The  severe  dearth 
of  the  years  1771  and  1772t  seemed  necessary  to  lead  the  Ger- 
mans to  cultivate  this  use^  plant  upon  the  great  scale.  From 
this  time  it  was  shown  that  it  was  a  substitute  for  bread  ;  and  once 
fairly  introduced,  men  were  not  long  of  perceiving  the  many  re- 
commendations which  it  possesses  as  an  article  of  food.  In  fact, 
of  all  the  useful  plants  which  the  migrations  of  communities 
and  distant  voyages  have  brought  to  light,  says  M.  Humboldt, 
there  is  none  since  the  discovery  of  the  cereals,  that  is  to  say, 
from  time  immemorial,  which  has  had  so  decided  an  influence 
upon  the  well-being  of  mankind.  In  less  than  two  centmies  it 
may  be  said  literally  to  have  overspread  the  earth,  or  to  have 
been  welcomed  in  every  country  suited  to  its  cultivation,  so  that 
at  the  present  day  it  is  found  growing  from  the  Cape  of  Good 
Hope  to  Iceland  and  Lapland.  "  It  is  an  interesting  spectacle," 
ad(k  the  illustrious  traveller  quoted,  ^'  to  see  a  plant,  a  native  of 
mountains  situated  under  the  equator,  advance  towards  the  pole, 
and  growing  even  more  hardily  than  the  grasses  which  yield  us 
grain,  brave  the  inclemencies  of  the  North."J  The  potato,  like 
all  other  tubers  is  a  collection,  an  exuberance  which  is  evolved 
upon  the  subterraneous  stems.  Its  varieties,  which  are  very  nu- 
merous, present  rather  remarkable  differences  in  regard  to  size, 
form,  colour  of  the  siuface  and  of  the  interior,  taste,  and  the 
time  which  they  require  to  come  to  maturity. 

Next  to  water,  fecula  or  starch  is  the  principle  which  predo- 
minates in  the  potato,  but  it  also  contains  a  certain  quantity  of 
azotised  matter.  Vauquelin  has  published  a  detailed  account  of 
the  soluble  matters  which  are  met  with  in  the  potato,  and  which, 
strange  to  say,  have  been  neglected  in  the  greater  number  of 

*  Humboldt,  Eseai  Politique,  t.  it.  p.  461. 

t  Thaer,  Principes  raisonn^  d' Agriculture,  t.  iv.  p.  119. 

I  Humboldt,  op.  cit.  t.  ii.  p.  463. 
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analyses  of  this  useful  vegetable  which  have  been  published.  In 
100  parts  of  potatoes  he  found:  asparagine  0.1,  albumen  0.7, 
azotised  matter  not  defined  0.4,  citrate  of  lime  1.2,  and  unde- 
termined quantities  of  citrate  of  potash,  free  acetic  acid,  phos- 
phate of  potash,  and  phosphate  of  lime. 

In  examining  forty-eight  varieties  of  potato  he  found  that 
they  contained  in  1 00  parts :  first  from  1  to  1  ^  of  pulp ;  second, 
from  2  to  3  of  soluble  or  extractive  substances ;  third,  from  20 
to  28  of  starch ;  fourth,  from  67  to  78*  of  water.* 

In  a  variety  grown  in  the  neighbourhood  of  Paris,  Henry 
found  the  following  ingredients,  viz. :  pulp  6.8,  starch  13.3,  al- 
bumen 0.9,  uncrystallizable  suger  3.3,  acids  and  salts  1.4,  fatty 
matter  0.1,  and  water  74.2=100.0 

The  proportion  of  starch  varies  considerably  in  the  diflferent 
varieties ;  M.  Payen  has  ascertained  the  extent  of  this  diversity 
in  a  certain  number  of  varieties  grown  in  the  same  soil  and 
under  the  same  circumstances.  The  results  are  contained  in  the 
following  table : 


VarieUef. 

One  of 
seed 
potatoes 
pro- 
duced. 

Produce  per  Acre. 

In  100  parti. 

Starch. 

Starch  per  icre. 

Dry 

matter. 

Water. 

The  Rohan     . 
The  great  yellow 
TheScotch  shaws 
'i*he  late  Iceland 
'I'he  Segonzac 
The  Siberian  . 
The  Duvillers . 

58 
37 
32 
56 
32 
40 
40 

tons.  cMTta.  qra.  Ibi. 

14  14  2  16 
9  8  0  27 
8      3    2     2 

14  6  1  23 
8      3    2     2 

10      4    2  12 

10      4    2  12 

24.8 
31.3 
30.2 
20.6 
28.8 
22.2 
21.7 

75.2 

68.7 
69.8 
79.4 
71.2 
77.8 
78.3 

16.6 

23.3 
22.0 
12.3 
20.5 
14.0 
13.6 

tona.cwts.qri  Iba. 

2     9  0  12 
2     3  3     4 
1   16  0     1 
1   15  1     2 
1  14  0     5 
1     8  2  16 
1     8  0  12 

In  the  particular  circumstances  under  which  this  experiment 
was  made,  therefore,  it  is  obvious  that  the  Rohan  variety  con- 
tained the  largest  quantity  of  nutritive  matter  and  starch. 

Potatoes  which  have  been  exposed  to  a  temperature  a  few 
degrees  below  the  freezing  point  of  water,  undergo  so  great  a 
change  in  their  texture,  that  it  becomes  difficult  afterwards  to 
extract  the  starch  which  they  contain.  They  besides  acquire  so 
disagreeable  a  flavour,  as  all  the  world  knows,  that  cattle  some- 

*  Thenard's  Chemistry,  vol.  v.  p.  82. 
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times  refuse  to  eat  them.  After  having  ascertained  that  a 
potato  has  the  same  chemical  composition  before  and  after 
congelation,  M.  Payen  examined  the  starchy  substance  under  the 
microscope,  and  found  that  the  starch  obtained  from  a  frozen 
tuber  presented  itself  in  compound  granular  masses,  four  or  five 
times  the  size  of  the  largest  natural  grains  of  starch.  The  pulp 
which  remained  upon  the  sieve  in  the  preparation  of  this  starch, 
was  formed  by  a  collection  of  cells,  for  the  most  part  full  of  starch. 
It  would  therefore  appear,  that  in  consequence  of  the  changes 
of  volume  of  the  fluid  successively  congealed  and  liquefied,  the 
adhesion  between  the  cells  was  destroyed :  they  become  separable 
with  the  slightest  force,  and  merely  part  one  fi-om  another  by  the 
action  of  the  grater  without  being  torn  ;  the  larger  number 
remain  unbroken  and  still  filled  with  starch.  This  fact  enables 
us  to  understand  how  potatoes,  which  have  been  fi-ozen,  will  yield 
nearly  the  whole  of  their  starch  if  they  be  treated  before  they  are 
thawed.  The  cells  then  sealed  up  by  the  congealed  water 
resist  sufficiently  to  be  broken  by  the  teeth  of  the  grater. 
Potatoes  which  have  been  fi'ozen,  are  generally  less  farinaceous, 
at  the  same  time  that  they  have  a  decidedly  sweet  taste,  which, 
according  to  M,  Payen,  is  owing  to  vegetation  having  already 
made  some  progress  in  the  tubers  before  congelation ;  and  we 
know  that  during  germination  there  is  always  a  formation  of 
sugar  at  the  expense  of  the  fecula.  Frosted  potatoes  have 
always  a  disagreeable  taste,  and  a  most  unpleasant  smell,  so  that 
in  many  places  they  are  thrown  upon  the  dunghill.  The  eflfect 
of  the  frost,  in  fact,  is  to  set  the  juices  which  are  enclosed  in  the 
tissue  of  the  potatoe  at  liberty,  and  the  higher  temperature 
which  accompanies  and  follows  a  thaw,  exposes  these  juices  to 
be  acted  upon  immediately  by  the  air  of  the  atmosphere,  the 
consequence  of  which  is,  that  they  behave  like  all  other  vegetable 
juices  left  to  themselves,  they  become  putrid.  The  putrid  odour, 
the  acrimony  which  are  developed  in  the  frosted  potato,  are  by 
so  much  the  more  remarkable  as  a  certain  layer  which  exists 
immediately  under  the  skin,  and  presents  various  shades  of 
colour,  tawny  red  or  violet  is  more  highly  developed.  The  tissue 
of  this  layer,  examined  under  the  microscope,  was  found  by  M. 
Payen  to  be  totally  without  starch,  but  it  contains  the  greater 
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part  of  the  (strong  smelling)  colouring  principles.*  These 
principles  which  give  such  unpleasant  quaUties  to  frosted  potatoes 
appear  to  be  soluble  or  at  least  destructible  by  long  exposure  to 
the  open  air.  Thus  if  frosted  potatoes  be  spread  upon  the 
ground  and  exposed  to  the  weather,  they  dry  spontaneously, 
become  hard,  whitened,  and  they  may  then  be  preserved  for  a 
very  long  time.  This  method  of  making  use  of  frosted  potatoes 
has  been  several  times  employed  in  practice,  and  it  might  perhaps 
be  recommended  for  general  adoption,  were  it  only  ascertained 
that  by  such  treatment  the  tubers  did  not  lose  a  great  proportion 
of  their  most  nutritive  principle,  viz. :  albumen.  However  this 
may  be,  it  is  by  a  similar  process  that  the  natives  of  the  Andes  of 
Peru  preserve  and  render  more  transportable  the  tubers  which 
form  a  principal  element  in  their  food.  In  the  steepest  parts  of 
the  Peruvian  Cordillera,  nearly  at  the  superior  limit  of  vegetation, 
where  a  miserable  field  of  barley  and  of  Q^inoa  is  only  seen  here 
and  there,  various  tubers  are  collected  in  the  hollows  of  the 
surface  such  as  the  Maca,  the  Oca,  the  Ulluco.  To  preserve 
these  they  are  exposed  for  several  days  to  the  alternate  action 
of  the  frost  and  of  the  sun.  At  these  great  elevations,  which 
are  upwards  of  1 3, 1 20  feet  above  the  level  of  the  sea,  it  al- 
ways freezes  in  clear  nights  when  the  air  is  moderately  calm. 
During  the  day  the  rays  of  the  sun,  which  strike  with  great 
force,  dry  the  tubers  rapidly,  the  watery  juices  of  which,  have  been 
shed  into  the  amylaceous  tissue  by  the  effect  of  the  preceding 
night's  frost.  Thoroughly  dry  they  may  be  kept  for  more  than 
a  year  by  being  stored  and  protected  from  moi^tiu*e.  Various 
other  modes  of  preparation  are  practised  in  regard  to  the  other 
kinds  of  tubers  which  have  been  mentioned.  By  previously 
boiling  the  common  potato,  pealing  it  and  exposing  it  alter- 
nately to  the  frost  of  the  night  and  the  heat  of  the  sun,  until 
it  is  completely  dry,  the  Indians  prepare  one  of  their  most 
agreeable  and  wholesome  articles  of  subsistence. 

The  potato  thrives  in  soils  of  very  various  kinds,  provided  it 
be  sufficiently  fertile,  and  the  climate  is  favourable.  This  crop, 
like  the  beet,  is  generally  planted  in  freshly  manured  ground, 
and  is  succeeded  in  the  autumn  by  a  winter  crop  of  com — wheat 

*  Payen,  Journal  of  Practical  Agriculture,  vol,  i.  p.  498. 
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or  rye.  The  potato  is  set  when  apprehensions  of  frost  are  no 
longer  entertained  ;  in  the  east  of  France  the  setting  is  generally 
ended  about  the  middle  of  May.  In  Alsace  the  cuttings  of  the 
potato  are  dropped  at  the  distance  of  about  a  foot  from  each 
other  in  furrows  made  by  the  plough,  the  furrows  being  from 
1 8  inches  to  nearly  2  feet  apart.  When  the  plants  are  from  1 0 
to  1 2  inches  high,  and  the  weather  is  dry,  the  furrows  are  lightly 
earthed  up.  In  dry  soils  the  earthing  plough  must  not  be 
carried  very  deeply ;  and  I  may  say  that  in  the  elevated  table 
lands  of  America,  where  the  natural  drought  of  the  climate  is 
often  to  be  apprehended,  I  have  seen  very  fine  crops  of  potatoes 
which  had  never  been  earthed  up  at  all.  The  potato,  like  all 
plants  that  are  hoed,  requires  considerable  care ;  but  this  care,  as 
it  is  immediately  profitable,  is  still  more  so  remotely  upon  the 
white  crops  which  are  to  follow.  M.  Crud  reckons  at  58.3  the 
number  of  days'  work  that  are  required  upon  an  acre  of  land 
which  has  received  between  1 9  and  20  tons  of  manure.  This  is 
very  nearly  what  we  have  found  to  be  the  truth  at  Bechelbronn, 
where  for  the  same  extent  of  surface,  manured  in  the  same  way, 
we  reckon  fifty  days'  labour  of  a  man  and  rather  better  than 
eleven  days  of  a  horse. 

In  Eiu'ope  the  potato  harvest  takes  place  at  the  end  of 
autumn.  In  the  intertropical  Cordillera,  where  the  cultivation 
depends  principally  upon  the  heat  of  a  very  steady  climate,  the 
potato  remains  in  the  ground  from  four  to  seven  months,  as  it 
IS  cultivated  at  a  greater  or  less  height  above  the  level  of  the 
sea ;  it  succeeds  best  where  the  mean  temperature  rages  between 
13*  and  18®  centigrade  (56®  and  65®  Fahr.)  In  Venezuela, 
indeed,  it  is  still  cultivated  in  places  where  the  temperature  is 
not  far  fix)m  24®  centigrade  (75.5®  Fahr.)  but  I  am  doubtftd 
that  the  culture  is  then  advantageous.  In  warm  and  moist 
regions  the  potato  yields  a  large  quantity  of  top,  and  few  tubers. 
I  have  gathered  some  very  bad  ones  at  Riosucio  de  Engurama, 
a  village  situate  at  the  distance  of  about  5900  feet  above  the 
level  of  the  sea,  where  the  mean  and  constant  temperature  is 
about  22®  centigrade  (72®  Fahr.) 

The  produce  per  acre,  noted  by  different  observers,   is  as 
follows : 
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There  is  an  obvious  relation  between  the  quantity  of  seed- 
potato  planted  and  the  amount  of  the  crop.  In  Alsace  from 
25  to  30  bushels  per  acre  are  usually  planted.  In  some  places 
too  much  seed  is  used,  in  others  not  enough.  It  were  very 
desirable  that  certain  experiments  were  undertaken  which  should 
fix  the  proper  quantity  of  seed-potato  to  be  used  for  each 
variety  of  soil  and  situation. 

The  Jerusalem  Artichoke  {Helianthus  tuber osus).  This 
plant  is  generally  believed  to  be  a  native  of  South  America,  but 
M.  de  Humboldt  never  met  with  it  there,  and  according  to 
M.  Correa,  it  does  not  exist  in  Brazil.  The  property  which  the 
tubers  of  this  plant  have  of  resisting  the  cold  of  oiu*  winters,  and 
several  botanico-geographical  considerations,  lead  M.  A.  Brong- 
niart  to  presume  that  the  plant  belongs  to  the  more  northern 
parts  of  Mexico. 

The  Jerusalem  artichoke  rises  to  a  height  of  from  9  to  10 
feet ;  it  flowers  late,  and  I  have  not  yet  seen  it  ripen  its  seeds. 
It  is  propagated  by  the  tubers  which  it  produces,  and  which  are 
regarded,  for  good  reason,  as  most  excellent  food  for  cattle; 
in  times  when  the  potato  was  not  very  extensively  known,  it 
also  entered  pretty  largely  into  the  food  of  man  ;  when 
boiled,  its  taste  brings  to  mind  that  of  the  artichoke,  whence  the 
name. 

*  This  is  the  produce  of  two  harvests,  which  they  gather  in  the  same 
year. 
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The  tuber  of  the  Jerusalem  artichoke,  from  an  analysis  of 
M.  Braconnoty  appears  to  contain  in  1 00  parts : 

Uncrystallizable  sugar 14.80 

Inuline 3.00 

Gum 1.22 

Albumen 0.99 

Fatty  matter 0.09 

Citrates  of  potash  and  lime 1.15 

Phosphates  of  potash  and  lime       .        •        .         •  0.20 

Sulphate  of  potash 0.12 

Chloride  of  potassiiun 0.08 

Malates  and  tartrates  of  potash  and  lime         •        .  0.05 

Woody  fibre 1.22 

Silica 0.03 

Water 77.05 

100.00 

M.  Payen  found  a  larger  proportion  of  sugar  in  this  tuber  than 
that  stated  above,  and  he  ascertained  that  the  fatty  matter 
consists  chiefly  of  stearine  and  elaine.  In  the  Jerusalem  arti^ 
choke  I  myself  found : 

Of  dry  matter        .         .        .     20.8 
Water       .         .  .        .    79.2 

100.0 

One  trial  for  azote  would  lead  me  to  conclude  that  M.  Bra- 

connot  had  estimated  the  albumen  too  low  in  his  analysis,  or  as 

is  more  probable,  that  several  azotised  principles  had  escaped 

him.     The  dried  tuber  gave  me  0.16  of  azote,  a  number  whidi 

would  indicate   1.0   as   the   proportion  of  vegetable  albumen. 

There  are  few  plants  more  hardy  and  so  little  nice  about  soil  as 

the  Jerusalem  artichoke ;  it  succeeds  everywhere  with  the  single 

condition  that  the  ground  be  not  wet.     The  tubers  are  planted 

exactly  like  those  of  the  potato,  and  nearly  at  the  same  time ; 

but  this  is  a  process  that  is  performed  but  rarely,  inasmuch  as 

the  cultivation  of  the  helianthus  is  incessant,  being  carried  on 

for  many  years  in  the  same  piece ;  and  after  the  harvest,  in  spite 

of  every  (Usposition  to  take  up  all  the  tubers,  enough  constantly 

escape  detection  to  stock  the  land  for  the  following  year,  so 

that  the  surface  appears  literally  covered  with  the  young  plants 
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on  the  return  of  spring,  and  it  is  necessary  to  thin  them  by 
hoeing.  The  impossibility  of  taking  away  the  whole  of  the 
tubers,  and  their  power  of  resisting  the  hardest  frosts  of  winter, 
is  an  obstacle  almost  insurmountable  to  the  introduction  of  this 
plant,  as  one  element  in  a  regular  rotation.  Experience  more  and 
inore  confirms  the  propriety  of  setting  aside  a  patch  of  land  for 
the  growth  of  this  productive  and  very  valuable  vegetable  root. 

Of  all  the  plants  that  engage  the  husbandman,  the  Jerusa- 
lem artichoke  is  that  which  produces  the  most  at  the  least  ex- 
pense of  manure  and  of  manual  labour.  Kade  states  that  a 
square  patch  of  Jerusalem  artichokes  in  a  garden  was  still  in 
full  productive  vigoiu*  at  the  end  of  thirty-three  years,  throwing 
out  stems  from  7  to  10  feet  in  length,  although  for  a  very  long 
time  the  plant  had  neither  received  any  care  nor  any  manure.* 

I  could  quote  many  examples  of  the  great  reproductive  power 
of  the  helianthus ;  I  can  affirm,  nevertheless,  that  in  order  to 
obtain  abundant  crops,  it  is  necessary  to  afford  a  little  manure. 
I  shall  show  in  another  chapter,  however,  that  this  is  maniu^ 
well  bestowed. 

Like  aQ  vegetables  having  numerous  and  large  leaves,  the 
helianthus  requires  air  and  light ;  it  ought,  therefore,  to  be 
properly  spaced.  The  original  planting  of  course  takes  place  in 
lines,  but  in  the  succeeding  crops  and  those  which  are  derived 
£'om  small  tubers  accidentally  left  in  the  ground,  the  order  is 
of  course  lost ;  it  is  only  necessary  to  destroy  a  sufficient  num- 
ber of  the  young  sprouts  which  show  themselves  in  the  spring, 
to  leave  those  plants  that  are  preserved  with  a  sufficient  space 
between  them.  When  the  plants  are  somewhat  advanced,  the 
ground  should  receive  one  or  two  diggings  with  the  spade,  and 
a  hoeing  or  two  to  destroy  weeds. 

The  leaves  of  the  helianthus  are  used  in  many  places  as 
forage,  the  stems  being  cut  a  few  inches  from  the  ground ; 
the  gathering  takes  place  at  different  periods  of  the  year,  but 
probably  to  the  detriment  of  the  tubers ;  it  may  be  lucrative  to 
destine  the  leaves  for  the  nutriment  of  cattle,  but  I  believe  we 
have  to  choose  between  the  green  crop  and  the  crop  of  tubers. 
It  is  unquestionable  that  the  premature  removal  of  the  green 

*  Schwertz,  Culture  of  Forage  Plants. 
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stems  must  prove  injurious  to  the  roots ;  in  my  own  farm  the 
leaves  are  never  removed,  and  my  opinion  is  that  it  is  vastly 
more  advantageous  to  depend  upon  the  crop  of  tubers  alone. 
The  tubers  are  gathered  as  they  are  wanted,  for  not  dreading 
the  frost,  they  may  remain  in  the  ground  the  whole  of  the  win- 
ter ;  they  do  not  require,  like  the  potato,  to  be  collected  and 
pitted  at  a  certain  period ;  they  require  no  particular  situation, 
no  particular  care  for  their  preservation ;  the  only  disadvantage 
that  accompanies  their  being  left  in  the  ground,  is  that  during 
very  hard  frosts  the  labour  required  to  get  at  them  is  very 
great.  During  winter  the  woody  stems  of  the  plant  die  and 
dry  up,  they  are  then  useful  as  combustible  matter ;  but  a  bet- 
ter use  of  them  perhaps  is  to  make  them  enter  in  certain  pro- 
portions into  the  litter  of  the  hog-stye ;  the  pith  there  absorbs 
a  lai^  quantity  of  the  liquid  manure.  Schwertz  estimates  the 
mean  quantity  of  dry  leaves  and  stems  at  3  tons,  1  cwt.,  1  qr. 
and  1 5  lbs.  per  acre.  The  following  quantities  of  tubers  have 
actually  been  gathered  in  Alsace. 

Tons. 

Sandy  soils 4 

Soils  of  the  best  quality  .         .         .10 

At  Bechelbronn  (mean)  •        ,         .10 

Bechelbronn  crops  of  1839-40         .         .15 

The  Carrot  {Daucus  carota).  This  root  is  frequently  cul- 
tivated, particularly  by  intercalation ;  it  is  frequently  grown 
along  with  the  poppy,  where  the  seed  is  raised  for  the  sake  of 
its  oil,  occasionally  also  being  sown  with  white  crops  in  the 
spring,  it  comes  to  maturity  after  them  in  the  autiunn  ;  it  is  a 
plant  that  is  much  liked  by  animals,  but  which  by  no  means 
possesses  the  very  high  value  as  an  article  of  food  which  is 
generally  ascribed  to  it  by  husbandmen.  The  carrot  requires  a 
deep,  somewhat  loose  and  homogeneous  soil,  fresh  manure,  and 
much  care  in  the  cultivation.  Schwertz  taking  the  mean  of 
three  years,  estimates  the  produce  per  acre  at  1 3  tons,  1 8  cwt. 
1  qr.  and  2  lbs.  of  roots,  and  about  one-third  the  same  quantity 
of  green  leaves  which  are  valuable  as  fodder  and  as  elements  of 
manure.  In  a  field  at  Bechelbronn  where  this  vegetable  had 
been  intercalated  with  the  madia  sativa,  we  obtained  upwards  of 
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5f  tons  of  roots  in  addition  to  our  principal  crop  of  oleaginous 
seed.  The  carrot  contains  a  large  quantity  of  water  in  its  con- 
stitution— 87.6  per  cent.,  according  to  some  of  my  experiments. 

The  juice  of  the  carrot  contains  sugar,  albumen,  a  crystal- 
lizable  colouring  principle,  called  carrotine,  a  volatile  oil,  fatty 
matters,  pectic  acid,  pectine,  starch,  malic  acid  and  alkaline,  and 
earthy  phosphates. 

The  Parsnip  {Pastinaca  sativa).  This  plant  is  not  very 
extensively  cultivated,  yet  it  has  the  advantage  of  standing  the 
winter  in  the  open  field.  It  has  been  recommended  as  very 
useful  in  fattening  cattle.  In  its  composition  it  must  assimi- 
late with  the  carrot  and  beet.  Drappier  obtained  as  much  as 
1 2  per  cent,  of  cane-sugar  from  the  parsnip.^ 

BARKS. 

Cinchona  barks.  The  barks  of  cinchona,  which  are  employed 
with  so  much  success  in  medicine,  are  the  produce  of  dMFerent 
species  of  a  family  of  trees  which  grows  in  the  mountains  of 
South  America ;  the  active  principle  of  all  the  varieties  of  bark 
resides  in  the  vegetable  alkalies,  quinine,  cinchonine,  and  cin- 
chovatine. 

The  medicinal  properties  of  bark  were  made  known  to  Euro- 
peans in  1 638,  on  the  occasion  of  an  obstinate  fever  from  which 
the  Countess  of  Chincon,  vice-Queen  of  Peru,  suflFered  at  Lima 
in  that  year.  A  Corregidore  of  Loxa,  who  had  been  cured  by 
*he  Indians  whilst  affected  in  the  same  way,  recommended  the 
bark.  The  medicine  was  completely  successful ;  and  to  show  her 
gratitude,  the  vice-Queen  had  large  quantities  brought  down 
from  the  mountains  for  distribution  among  persons  affected 
with  fever.  It  was  from  this  circumstance  that  the  bark  was 
at  first  known  under  the  name  of  the  Countess's  powder.  By 
and  by,  the  members  of  the  College  of  Jesuits  having  been 
charged  with  its  distribution,  it  of  course  became  the  Jesuits' 
bark  or  powder.  Lastly,  the  Cardinal  de  Lugo  having  brought 
it  to  Rome,  the  new  medicine  was  known  under  the  name  of 
the  Cardinal's  powder. 

The  cinchonas  are  met  with  principally  in  forests  at  a  consi- 

*  BerzeliuB,  Chemistry,  vol.  ii.  p.  199. 
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derable  elevation  above  the  level  of  the  sea,  in  a  temperate  cli- 
mate and  growing  in  a  stony  soil.  The  proper  period  for 
gathering  is  known  by  the  circumstance  of  the  inner  surface  of 
the  bark  when  detached  from  a  branch  acquiring  in  a  few 
minutes  a  red,  yellow,  or  orange  tint,  according  to  the  species. 

The  trees  are  cut  down  one  or  two  days  before  the  process  of 
barking  begins,  by  which  the  operation  is  rendered  more  easy, 
and  the  cuticle  is  no  longer  liable  to  be  rubbed  off.  The  bark 
of  the  trunk  and  branches  is  removed  by  means  of  a  large  knife, 
in  strips  or  bands,  which  are  kept  as  broad  as  possible.  The 
bark  is  placed  upon  cloths  and  put  to  dry  in  the  sun,  each  piece 
being  kept  isolated,  in  order  to  facilitate  the  drying,  and  espe- 
cially to  favour  the  quilling  or  rolling  up ;  when  the  bark  is 
dried  in  a  heap,  and  when  the  pieces  touch,  it  often  acquires  a 
most  disagreeable  odour  in  consequence  of  incipient  putrefac- 
tion, and  the  quilling  does  not  take  place.*  The  bark  when 
thoroughly  dry  is  packed  in  bullocks'  hides  and  sent  to  Europe. 
From  my  own  observations  and  those  that  have  been  supplied 
me  by  M.  Goulot,  the  different  species  of  bark  appear  to  be 
distributed  upon  the  mountains  of  New  Granada  in  the  follow- 
ing order : 

Heights  where 

moet  abundant.       Temperature. 

Grey  bark,  C.  lancifolia  .  6560  feet  19°  (66^  F.) 

White  bark,  C.  ovalifoUa  .  4264   „  21°  (70    F.) 

Red  bark,  C.  oblongifolia  .  2296  „  24°  (75i  F.) 

YeUow  bark,  C.  cordifolia  .  1968   „  25"  (77    F.) 

PeDetier  and  Caventou  discovered  in  the  grey  bark :  1st.  cin- 
chonine  in  combination  with  quinic  acid ;  2nd.  a  fatty  substance ; 
3rd.  red  and  yellow  colouring  matters ;  4th.  tannin;  5th.  quinate 
of  lime;  6th.  gum;  7th.  starch;  8th.  woody  matter.  In  the  yellow 
and  red  bark  these  learned  chemists  found  the  same  principles, 
and  moreover  quinate  of  quinine. 

Barks  of  the  Willow  and  Poplar.  Decoctions  of  these 
barks  are  often  employed  with  success  in  the  treatment  of  inter- 
mittent fever.  In  searching  after  the  active  principle  of  thesQ 
medicines,  M.  Roux  discovered  the  particular  substance,  sali- 
dne,  in  the  bark  of  the  willow  (salix  helix),  the  medicinal  effect 

*  Ruiz,  Quinologia. 
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of  which  is  analogous  with  that  of  the  febrifuge  principles  of  the 
true  barks.  M.  Braconnot  has  further  succeeded  in  obtaining 
anotha-  crystalline  matter  from  the  leaves  of  the  aspen  {populus 
tremula)  populine. 

Cork.  The  oak  which  yields  cork  is  known  in  Spain  under 
the  name  of  the  alcomoque.  It  forms  extensive  forests  upon 
the  abrupt  slopes  of  the  Pyrenees,  where  it  is  often  seen  grow- 
ing upon  arid  and  stony  soils,  that  seem  doomed  to  eternal 
sterility.  The  cork  oak  has  flexible  and  strong  roots,  which 
creep  over  the  naked  surface  of  the  granitic  masses,  turning 
round  blocks,  and  searching  everywhere  for  fissures  and  collec- 
tions of  sand  and  alluvium,  into  which  they  penetrate  deeply  in 
search  of  the  nourishment  necessary  to  the  tree.  At  maturity 
the  alcomoque  rises  to  a  height  of  sixty-five  feet,  and  its  trunk 
may  be  three  feet  and  a  quarter  in  diameter. 

In  the  Spanish  Pyrenees,  the  superior  limit  of  the  cork-tree 
r^on,  is  that  of  the  vine,  about  1 640  feet  above  the  level  of 
the  Mediterranean.  In  France  this  tree  grows  luxuriantly  in 
the  communes  of  Passa,  Lauro,  &c.,  the  mean  elevation  of  which 
is  1 148  feet.  In  Spain  as  in  France,  the  soils  on  which  the 
cork  forests  grow  are  of  primitive  origin ;  and  it  is  said  on  good 
authority  that  the  cork-tree  only  grows  on  soils  derived  fi-om 
granite,  gneiss,  mica  slate,  ,or  porphyry,  and  never  on  soils  t>f 
calcareous  origin. 

The  cork  tree  is  reproducedspontaneously on  these  siliceous  soils, 
among  cistuses  and  heaths ;  but  the  reproduction  in  this  way  is 
so  slow,  that  art  oflen  interferes  advantageously  to  aid  it.  There 
are  many  varieties  of  cork  oak ;  and  as  that  which  is  covered 
with  a  smooth  and  greyish  cuticle,  yields  the  article  which  is 
most  prized  in  commerce,  the  seeds  of  this  variety  ought  to  be 
sdected  for  sowing.  The  acorns  of  the  cork  oak  are  tumid,  of 
considerable  size,  and  a  sweet  taste;  the  acorns  ripen  fi*om 
October  to  December,  and  are  much  employed  as  food  for  hogs. 
The  Catalonians  sow  the  acorns  in  a  cultivated  soil  at  the  same 
time  that  they  plant  the  vine,  and  for  twenty  or  twenty-five 
years  the  produce  of  the  vine  compensates  the  outlay  upon  the 
young  cork  trees ;  but  the  produce  of  the  vine  diminishes  as  the 
cork  tree  overshadows  it,  and  finally  there  comes  a  time  when 
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the  vines  die  out  completely.  The  cork-tree  is  of  slow  growth,  and 
at  four  years  of  age  it  may  be  from  thirty-six  to  forty  inches  in 
height,  and  requires  incessant  care  until  the  trunk  is  from  seven 
to  ten  feet  high,  at  which  time  it  may  be  about  twenty  years  of 
age ;  and  its  total  height,  induding  its  branches,  may  be  about 
twenty-two  feet. 

The  barking  of  the  cork  tree  begins  about  the  middle  of 
July,  and  may  be  continued  so  long  as  the  sap  is  in  motion. 
When  stripped  off,  good  cork  is  formed  of  from  ten  to  twelve 
layers,  each  of  which  indicates  an  annual  deposition.  The  two  outer 
layers  constitute  the  cuticle ;  the  others  adhere  closely  together, 
and  although  of  variable  thickness  they  present  a  homogeneous 
mass.  The  time  for  removing  the  cork  is  indicated  by  the 
interior  acquiring  a  slightly  rosy  tint,  which  happens  about  the 
tenth  year.  The  barking  is  performed  by  means  of  an  axe, 
with  which  a  cut  is  made  the  whole  length  of  the  trunk,  care 
being  taken  not  to  wound  the  woody  layers ;  two  other  cross 
cuts  are  then  made  at  the  top  and  bottom  of  the  trunk.  By 
means  of  the  handle  of  the  axe,  which  is  shaped  like  a  wedge, 
forced  into  the  vertical  cut,  the  cork  is  then  loosened  and  strip- 
ped from  the  living  bark  beneath  it,  the  whole  covering  of  the 
tree  being  often  taken  away  in  a  single  piece,  although  it  is 
more  commonly  removed  in  two  pieces.  The  process  of  barking 
is  very  easy  when  the  sap  is  abundant. 

Tli^  cork  tree  must  be  about  forty  years  of  age  before  its 
bark  has  any  commercial  value ;  that  of  a  tree  of  twenty  years 
is  always  treated  as  rubbish.  An  oak  a  century  old  may  furnish 
200lbs  of  marketable  cork;  as  many  as  4801bs  however  have 
been  taken  from  a  single  tree;  the  mean  produce  may  be 
reckoned  at  about  lOOlbs.  per  tree ;  to  fit  it  for  the  market,  cork 
undergoes  a  variety  of  preparations  which  need  not  detain  us  here. 

LEAVES. 

The  herbaceous  parts  of  vegetables  have  all  a  very  similar 
composition,  if  they  be  regarded  in  the  most  general  point  of 
view.  The  leaves  and  green  stems,  along  with  the  woody  fibre 
which  forms  in  some  sort  their  skeleton,  always  contain  albumen 
or  an  analogous  azotised  principle,  saccharine  and  gununy  sub- 
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stances,  chlorophylle,  wax,  fatty  and  resinous  substances,  free  or 
combined  acids,  and  frequently  also  essential  oils.  Such  is  the 
general  constitution  which  chemists  agree  in  assigning  to 
doyer,  hay,  leaves,  in  a  word  to  green  forage  of  all  kinds ; 
nevertheless,  to  this  constitution,  which  may  be  regarded  as  stan- 
dard, we  have  frequently  other  particular  matters  added,  some  of 
which  we  have  already  studied,  and  which  by  their  medicinal 
properties,  or  the  economic  uses  they  possess,  render  the 
plants  that  contain  them  of  high  importance  in  an  agricultural 
point  of  view.  I  shall  here  only  speak  of  two  of  these  plants, 
tobacco  and  tea,  the  leaves  of  which,  almost  in  universal  use,  are 
a  source  of  great  commercial  prosperity  to  the  people  who  culti- 
vate them. 

Tobacco  {Nicotiana  tabacum)^  a  native  of  America,  appears 
to  have  been  introduced  into  Spain  and  Portugal  about  the 
middle  of  the  sixteenth  century  by  Fernandez  de  Toledo.  Its 
name  is  generally  believed  to  be  derived  from  that  of  the  Island 
of  Tobago,  one  of  the  West  India  islands,  at  no  very  great  dis- 
tance from  the  coast  of  Venezuela,  whence  the  first  importations 
were  made.  Nicot,  the  French  Ambassador  to  Portugal,  first 
made  its  use  known  in  France,  whence  the  name  nicotiana.  At 
the  present  time,  the  cultivation  of  tobacco  appears  to  have 
spread  almost  over  the  whole  surface  of  the  globe. 

Tobacco  requires  a  somewhat  friable  soil,  rich  in  humus ;  it 
consequently  succeeds  in  lands  just  broken  in.  In  America  the 
mode  of  cultivation  and  of  preparation  are  almost  every  where 
the  same. 

In  Venezuela  the  seed  is  sown  in  a  very  rich  loam,  and  after 
from  forty  to  fi%  days,  the  young  plants  are  transplanted  in 
rows,  distant  a  little  more  than  three  feet  from  one  another,  the 
plants  being  about  two  feet  apart ;  the  transplanted  plant  is  gene- 
rally covered  with  a  banana  leaf  for  a  few  days  to  preserve  it  from 
the  burning  rays  of  the  sun.  When  the  plant  is  about  eighteen 
inches  high,  a  bud  is  formed  at  the  superior  extremity ;  this  bud 
and  any  others  that  may  appear,  are  removed  as  well  as  any  sprouts 
which  show  themselves  on  the  stem.  By  this  treatment  the  to- 
bacco becomes  bushy  and  thick ;  by  and  by  the  leaves  acquire  a  de- 
cidedly blue  tint^  and  the  time  of  gathering  is  indicated  by  the 


TOBACCO.  209 

appearance  of  a  stain  of  a  deep  blue  colour  near  the  pedicle.  The 
l^ves  do  not  all  ripen  simultaneously,  so  that  the  business  of  the 
planter,  in  gathering  those  that  appear  ripe,  is  incessant  for  a  cer- 
tain time. 

After  they  are  gathered,  the  leaves  are  carried  under  sheds 
where  they  are  disposed  two  and  two  upon  hurdles  arranged  for 
their  reception.  The  tobacco  soon  becomes  yellow  and  pliant, 
and  the  ribs  of  the  leaves,  having  been  removed,  they  are  twisted 
into  a  rope  which  is  coiled  up  into  a  mass  of  the  weight 
of  from  sixty  to  eighty  pounds.  These  coils  are  placed 
upon  a  bed  made  with  damaged  leaves  and  the  ribs  which 
have  been  removed.  The  whole  is  covered,  and  left  to 
ferment  during  forty-eight  hours,  a  little  water  being  supplied  if 
the  tobacco  appears  too  dry  ;  during  the  fermentation  the  tem- 
perature rises,  and  the  process  having  been  carried  sufficiently  far, 
the  coils  are  exposed  separately  to  the  air ;  they  are  then  un- 
rolled, and  hung  up  under  sheds  to  dry  completely. 

The  vertical  zone  in  which  the  cultivation  of  tobacco  within  the 
tropics  is  carried  on,  is  extensive ;  it  reaches  from  £he  level  of  the 
sea  to  an  elevation  of  about  5,900  feet  above  it.  The  time  dur- 
ing which  the  crop  remains  on  the  ground  varies  according  to 
the  mean  temperature  of  the  place ;  according  to  M.  Codazzi, 
the  leaves  are  gathered  one  hundred  and  fifty  days  after  the  sow- 
ing in  the  hottest  regions  of  the  coast  of  Venezuela.  In  more 
elevated  situations,  where  the  thermometer  ranges  from  65^  to 
68^  Fahr. ;  the  first  leaves  are  not  fit  to  be  gathered  until  afler 
about  seven  months  and  a  half  from  the  sowing. 

In  Ceylon,  tobacco  is  cultivated  almost  precisely  as  in  America. 
There  they  also  prevent  the  plant  rising  in  height,  and  they 
limit  the  number  of  leaves  upon  each  stem  according  to  the 
quality  of  the  tobacco  which  they  desire  to  grow.  By  leaving 
the  plant  with  no  more  than  from  ten  to  twelve  leaves,  the  most 
esteemed  quality  is  obtained ;  if  eighteen  or  twenty  leaves  be 
left,  the  tobacco  is  far  from  having  the  same  strength.  Lastly, 
in  leaving  the  plant  to  itself,  by  suffering  the  stem  to  run  up  and 
to  fioiuish,  a  large  crop  is  obtained,  but  the  produce  is  not  es- 
teemed. The  leaves  gathered  from  the  plant  in  this  state  of 
maturity  are  often  held  fit  for  consumption  after  being  simply 
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dried  without  further  preparation.  The  tobacco  is  then 
yellow,  extremely  mild,  and  perfectly  suited  to  the  immoderate 
use  made  of  it  by  the  Cingalese. 

If  the  mode  of  cultivation  enables  the  tobacco  grower  to  ob- 
tain a  superior  quality  at  the  cost  of  quantity,  it  is  still  indubit- 
able that  climate  exercises  the  chief  influence  on  the  quality  of 
the  article.  That  which  is  grown  in  the  temperate  regions  of 
the  Andes,  in  Virginia,  and  in  Europe,  can  in  no  way  be  com- 
pared with  the  tobacco  of  the  Havannah,  of  Varinas,  of  Giron, 
of  the  valley  of  Cauca.  The  cultivation  of  tobacco  has  ap- 
peared to  me  more  especially  advantageous  in  localities  where 
the  mean  temperature  does  not  fall  below  75^  Fahr. 

Tobacco  is  decidedly  a  plant  of  a  hot  climate ;  there  only  does 
it  yield  a  produce  of  the  best  quality.  In  Venezuela,  where  its 
cultivation  is  followed  with  great  skill  and  in  situations  where 
the  temperature  of  the  climate  keeps  from  77®  to  80®  Fahr.; 
about  five  plants  are  held  necessary  to  produce  1  lb.  of  tobacco ; 
and  as  a  mean,  1 1  cwt.  1  qr.  231bs.  of  the  prepared  article  arc 
produced  from  an  acre  of  unmanured  land. 

In  Alsace,  tobacco  is  sown  about  the  middle  of  March ;  the 
transplanting  takes  place  in  the  beginning  of  June,  and  the  har- 
vest follows  in  autumn.  The  husbandry  is  very  similar  to  that 
which  has  been  already  described,  each  plant  being  left  with 
eight  or  ten  leaves.  Schwertz  reckons  the  produce  at  about 
15  quintals  per  hectare  of  two  and  a  half  acres,  which  is  equal 
to  about  1 2  cwt.  1  qr.  per  English  acre.  Thaer  estimates  the 
produce  in  Prussia  at  1 1  cwt  1  qr.  231bs.  per  acre. 

The  consumption  of  tobacco  has  lately  increased  considerably 
throughout  the  whole  of  Europe.  In  France,  government  sold  to- 
bacco in  one  form  or  another  to  the  extent  of  31,1 16,340lbs.  in 
the  course  of  the  year  1 837.  Public  documents  show  that  in  1 84 1 
there  were  in  France  8,158  hectares,  or  20,175  acres  under  to- 
bacco, which  yielded  21,261,064lbs.  of  the  article;  the  diflfer- 
ence  between  the  quantity  produced  and  the  quantity  consumed 
is  of  course  supplied  by  importation. 

The  virtues  of  tobacco  very  probably  reside  in  the  volatile 
vegetable  alkali,  nicotine,  which  it  contains.  The  analyses  of 
M.  Posselt  and  Kiemann  show  the  leaf  of  tobacco  to  be  composed 
as  follows:   Nicotine  0.07,  extractive  matter  2.87,  gum  1.74, 
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a  green  resin  0.2 7,  albumen  0.26,  gluten  1.05  malic  acid 
0.51,  malate  of  ammonia  0.12,  sulphate  of  potash  0.05, 
chloride  of  potassium  0.06,  nitrate  and  malate  of  potash  0.21, 
phosphate  of  lime  0.17,  malate  of  lime  0.72,  silica  0.09, 
woody  matter  4.97,  and  water  86.84, — 100.00.  During  the 
fermentation  of  the  leaves,  there  is  always  a  formation  of  am- 
moniacal  salts. 

Tea,  the  use  of  which  is  and  has  so  long  been  universal 
in  the  Chinese  empire,  began  to  be  known  in  Europe  in  the  seven- 
teenth century,  when  it  was  imported  by  the  Dutch  East  India 
company.  In  1 669,  the  importation  of  tea  into  England  did 
not  exceed  1  cwt. ;  in  1833,  the  East  India  Company  set  aside 
for  the  consumption  of  Great  Britain  alone  nearly  24,200,000 
of  pounds ! 

The  tea  plant  commonly  attains  a  height  of  from  three  to 
about  five  feet.  In  China  it  blossoms  in  the  early  part  of  the 
spring,  and  ripens  its  seeds  in  December  and  January.  Its 
branches  are  covered  with  short  thick  leaves  of  a  deep  green 
colour  and  elliptical  form.  It  is  one  of  the  most  hardy  plants, 
and  thrives  from  the  equator  to  the  forty-fiflh  parallel  of  north 
latitude ;  but  the  districts  best  adapted  to  its  growth  appear  to 
be  comprised  between  the  twenty-fifth  and  thirty-third  degrees 
of  latitude.*  Tea  requires  a  moist  climate,  and  a  light  and 
sandy  soil.  No  manure  is  given,  and  no  attention  is  paid  to  the 
nature  of  the  soil  where  irrigation  is  practicable. 

The  shrub  is  propagated  from  seed.  Several  seeds  are 
dropped  into  holes  at  the  distance  of  fi-om  three  to  six  feet  apart, 
and  the  plant  begins  to  produce  fi'om  the  third  year,  the  gather- 
ing is  done  by  the  hand,  the  leaves  being  picked  off;  but  a  few  are 
always  left  upon  each  branch.  The  number  of  gatherings  made 
in  the  same  year  varies  from  one  to  three,  according  to  the  age 
of  the  plant.  It  is  very  seldom  indeed  that  a  fourth  gathering 
is  practised.  In  China  the  tea  harvest  begins  about  the  middle 
of  April,  a  period  at  which  the  leaf  buds  appear  surrounded  by 
a  slight  cottony  down.  The  first  gathering  is  very  small,  but  it 
constitutes  the  highest-priced  tea,  the  Shou-chim  or  tea  of  the 
first  growth.     The  second  gathering  takes  place  in  June,  when 

*  Robinson,  a  Descriptiye  Account  of  Assam,  p.  131. 
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the  branches  are  covered  with  leaves  of  a  pretty  deep  colour ; 
these  leaves  are  very  abundant,  but  inferior  in  quality  to  the 
buds  of  the  former  gathering  ;  they  constitute  the  tea  called 
Urh-chun,  or  tea  of  the  second  growth.  The  third  gathering  is 
performed  a  month  later,  and  the  produce  passes  by  the  name 
of  the  San-chun,  or  tea  of  the  third  growth.  The  leaves  are  now 
of  a  deep  green  colour,  tough,  and  are  manufactured  into  the 
most  common  kinds  of  tea. 

Considerable  plantations  of  tea  are  now  established  in  Assam, 
in  British  India,  and  in  the  Brazils,  and  it  seems  not  improbable 
that  the  plant  may  be  cultivated  at  some  future  day  in  Europe. 

According  to  GuiDemin,  who  studied  the  cultivation  and  pre- 
paration of  tea  in  the  Brazils,  the  leaves  are  dried  as  soon  as 
they  are  gathered.  From  four  to  six  pounds  are  thrown  into  an 
iron  pot,  the  interior  of  which  is  polished,  and  which  may  be  some- 
what more  than  three  feet  in  diameter,  by  about  a  foot  in  depth. 
The  temperature  of  the  pot  is  maintained  at  about  the  boiling 
point  of  water ;  a  negro  stirs  the  leaves  in  all  directions  with 
his  hand,  until  they  become  quite  soft  and  pliant,  so  that  they 
can  be  moulded  into  pellets  by  movement  between  the  hands. 
When  the  leaves  are  in  this  state,  they  are  thrown  upon  a  tray 
made  of  bamboo,  and  strongly  kneaded  for  a  quarter  of  an  hour, 
so  as  to  force  out  a  green  sap  of  a  disagreeable  taste.  The 
kneaded  leaves  are  then  returned  to  the  pot,  and  dried  com- 
pletely, being  all  the  while  stirred  about  with  the  hand,  being 
separated  when  they  stick  together,  and  being  continually  tossed 
up  in  order  to  prevent  them  adhering  or  getting  scorched  by 
remaining  too  long  in  contact  with  the  metal.  During  this  pro- 
cess, which  lasts  for  some  half  hour,  a  large  quantity  of  dust  is 
disengaged,  which  proceeds  from  the  cottony  down  with  which 
the  leaves  are  covered.  By  this  rapid  drying,  the  leaves  crisp 
and  curl  up  of  themselves,  and  acquire  the  appearance  of  the 
tea  that  is  in  every-day  use.  On  being  taken  from  the  drying  pot, 
the  tea  is  thrown  upon  a  sieve  of  a  certain  mesh,  and  the  leaves 
which  have  rolled  themselves  up  into  the  smallest  compass,  and 
which  are  those  which  proceed  from  the  buds,  are  separated  from 
the  others;  these  after  having  been  winnowed,  receive  a  new  touch 
of  the  fire,  when  they  acquire  a  leaden  grey  colour,  and  consti- 
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tute  the  tea  of  the  best  quality,  which  in  the  Brazils  passes  by 
the  name  of  Imperial  or  Uchim  tea.  The  leaves  which  remain 
upon  the  sieve  are  heated,  winnowed,  and  sifted  again,  and  the 
produce  is  fine  Hyson  tea ;  and  by  the  same  means  other  varie- 
ties are  procured,  imtil  at  length  a  kind  remains  upon  the  sieve 
consisting  of  the  leaves  that  have  not  become  rolled  up,  which 
being  added  to  the  broken  particles  derived  from  the  winnowing 
operations,  is  called  family  tea,  because  it  is  consumed  upon  the 
spot 

During,  and  for  some  time  after  the  drying,  tea  exhales  an 
herbaceous  and  not  very  pleasant  odour,  which  however  becomes 
modified  in  the  course  of  time.  The  aroma  of  the  Chinese 
teas  is  said  to  be  communicated  to  them  by  a  highly  odorous 
plant,  which  is  believed  to  be  the  Olea  Jlagrans.  It  is  also  said 
that  the  green  tea  is  coloured  by  means  of  indigo ;  but  it  is  pos- 
sible that  the  shades  of  colour  of  the  different  kinds  of  tea 
depend  solely  upon  the  degree  of  roasting  which  they  have  un- 
dergone. Guillemin  has  said  nothing  of  the  produce  of  the  tea 
shrub  in  Brazil.  In  China,  according  to  a  manuscript  of  M. 
Carpena,  a  shrub  with  care  wiQ  produce  annually  during  thirty 
or  forty  years  from  21bs.  to  2^1bs.  of  marketable  tea. 

From  the  analysis  of  M.  Mulder,  tea  appears  to  contain: 
1st.  A  volatile  oil.  2nd.  Chlorophylle.  3rd.  Wax  and  resin. 
4th.  Gum.  5th.  An  extractive  matter.  6th.  A  colouring 
matter.  7th.  Azotised  substances  analogous  to  albumen.  8th. 
Woody  fibre  and  inorganic  salts.  9th.  A  particular  crystalline 
principle, — theine  or  coffeine,  which  is  ranked  among  the 
vegetable  alkalies,  and  which  is  also  met  with,  as  implied  by  the 
name  in  coffee:  this  new  principle  crystallizes  in  colourless 
needles  of  a  silky  aspect  and  bitter  taste.  It  is  little  soluble  in 
alcohol  and  in  ether ;  water  dissolves  about  ^th  of  its  weight,  and 
it  sublimes  without  undergoing  decomposition ;  it  is  by  sublima- 
tion, in  fact,  that  Mr.  Stenhouse  proposes  to  obtain  it  fi:x)m 
tea 

This  is  undoubtedly  the  principle  which  communicates  to  tea 
its  bitter  taste,  and  several  of  its  properties ;  experiment  has 
shown,  that  when  administered  even  in  considerable  doses  it 
produces  no  ill  effect  on  the  animal  economy  ;  different  kinds  of 
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tea,  as  might  have  been  presumed,  contain  it  in  different  pro- 
portions.    M.  Stenhouse  obtained  from  100  parts  of 

Hyson  •         .         .     1.09     of  Coffeine 
Congou  .1.02 


Assam  .         .         .     1.37 
Twankay,  green     .     0.98 
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Wheat.  This  valuable  grain  is  the  produce  of  several  kinds 
of  triticum — winter  wheat,  and  spring  wheat,  T.  hybemuniy  and 
T.  (Bstivum^  spelter,  T.  Spelta^  and  T.  monocon. 

Wheat  is  sown  either  upon  a  fallow  or  upon  land  that  has 
carried  some  forage  crop,  or  such  a  crop  as  beans  and  peas.  It  re- 
quires a  stiff  rich  soil,  containing  a  certain  proportion  of  calcareous 
earth,  and  abounding  in  organic  matter;  it  does  not  thrive  well 
in  soils  where  the  sandy  element  predominates  over  the  clayey.  For 
seed  the  best  grain  is  selected;  but  this  and  all  other  precautions 
do  not  suffice  to  preserve  the  plant  from  many  diseases,  such  as 
smut,  rust,  mildew.  Farmers  are  wont,  before  putting  their  seed 
wheat  into  the  ground,  to  prepare  it  in  various  ways  with  a  view 
to  destroying  the  germs  of  certain  parasites  which  are  believed 
to  adhere  to  it  externally.  The  process  is  generally  called  pick- 
ling, or  limeing,  because  milk  of  lime,  in  which  the  seeds  are 
put  to  steep  for  twelve  or  fifteen  hours,  is  often  employed  in  its 
course.  Means  that  are  said  to  be  more  efficacious  have  also 
been  recommended  :  some  make  use  of  alum,  others  of  sulphate 
of  iron,  sulphate  of  zinc,  sulphate  of  copper,  sulphate  of  soda, 
and  even  white  oxide  of  arsenic.  All  these  means  appear  to 
conduce  to  the  same  residt.  We  employ  sulphate  of  copper, 
which  indeed  is  the  custom  in  a  considerable  part  of  Alsace,  and 
I  can  assure  the  reader  that  our  fields  of  wheat  are  never  in- 
fected.  100  grammes,  or  about  3^  ounces  troy  are  allowed  to  a 
hectolitre  or  sack  of  nearly  3  bushels  of  wheat;  the  salt  is  dissolved 
in  as  much  water  as  is  held  requisite  for  the  submersion  of  the 
grain,  which  is  steeped  in  the  solution  during  about  three 
quarters  of  an  hour,  after  which  it  is  thrown  into  baskets  to 
drain,  and  being  then  spread  out  on  the  flour  it  is  dried  before 
being  sown. 

The  season  at  which  wheat  is  sown  in  autumn  ought  to  vary 
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with  the  climate,  and  nothing  can  be  more  displaced  than  those 
precise  dates  which  are  set  down  by  the  majority  of  writers. 
The  great  point  to  be  held  in  view  is,  that  the  young  plant  may 
have  got  a  certain  length  before  the  frost  sets  in,  that  the  roots 
may  have  penetrated  to  a  depth  which  shall  protect  them  from 
the  severe  cold  of  the  winter.  In  each  district,  experience  has 
already  proclaimed  the  proper  time  for  sowing,  and  this  can 
rarely  or  never  be  departed  from  without  detriment.  In  the  east 
of  France,  in  Alsace,  the  sowing  of  winter  wheat  generally  takes 
place  in  the  first  week  in  October ;  in  the  southern  hemisphere, 
in  certain  parts  of  Chili,  for  example,  the  wheat  is  sown  in 
April,  and  is  exposed  to  the  cold  weather  of  June,  July,  and 
August.  The  quantity  of  seed  sown  may  vary  from  about 
7  pecks  to  1 8  pecks  and  more  per  acre.  Farmers  generally  agree, 
however,  that  we  have  seed  enough  when  we  employ  about  2  bush- 
els to  the  acre;  this  is  the  quantity  which  is  used  at  Bechelbronn ; 
but  in  the  same  district,  and  even  on  contiguous  fields,  we  fre- 
quently see  proportions  of  seed  employed  which  vary  in  the  ratio 
of  fix)m  one  half  to  twice  the  quantity  specified,  without,  so  far 
as  I  know,  any  sufficient  reason  being  given  for  this  parsi- 
mony or  prodigality.  It  is,  however,  a  question  of  the  very 
hi^est  importance  to  ascertain  the  proper  quantity  of  seed. 
The  question  may  be  considered  in  two  ways  :  1st.  with  reference 
to  the  produce  of  a  given  extent  of  surface,  and  2nd.  with  reference 
to  the  produce  from  the  grain  sown.  It  is  quite  certain  that 
in  sowing  thick,  a  larger  produce  per  acre  will  be  obtained  than 
by  sowing  very  thin ;  but  on  the  other  hand,  thin  sowing  yields 
a  larger  number  of  times  the  quantity  of  seed  put  into  the 
ground.  The  reasons  which  should  guide  us  in  determining 
the  dose  of  seed  are  numerous  and  extremely  complex ;  they 
must  endently  be  taken  in  connexion  with  the  value  of  the 
ground  and  of  cultivation,  the  price  of  wheat  and  of  straw,  the 
cost  of  labour  and  of  manure.  Thus  in  countries  where  the 
rent  of  land  is  extremely  low  it  may  be  a  good  practice  to  scat- 
ter but  a  moderate  quantify  of  seed  over  a  large  extent  of  sur- 
face. I  remember  a  field  in  the  neighbourhood  of  Pampeluna, 
where  the  wheat  was  growing  in  isolated  tufls,  all  extremely 
vigorous  and  very  heavy  in   the  ear ;  the  ground  had  had  but 
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very  little  preparation ;  nevertheless  they  expected  to  gather  from 
sixty  to  eighty  times  the  seed.  This,  without  dotbt,  was  a  pro- 
fitable crop  ;  nevertheless  I  am  satisfied  that  it  could  not  have 
yielded  more  than  from  6^  to  7^  bushels  per  acre. 

For  the  same  reasons  the  first  settlers  of  the  United  States 
must  have  followed  a  somewhat  similar  mode  of  cultivation. 
"  An  English  farmer,"  says  Washington  in  a  letter  addressed  to 
Arthur  Young,  "  must  have  a  very  indifferent  opinion  of  our 
soil  when  he  hears  that  with  us  an  acre  produces  no  more  than 
from  8  to  1 0  bushels  of  wheat ;  but  he  must  not  forget  that  in 
all  countries  where  land  is  cheap  and  labour  is  dear,  the  people 
prefer  cultivating  much  to  cultivating  well." 

In  Alsace  we  do  not  reckon  any  crop  profitable  which  yields 
less  than  from  19^  to  about  23  bushels  per  acre ;  and  in  these 
circumstances  we  do  not  receive  back  more  than  from  9  to  1 0 
times  the  seed. 

Nevertheless,  it  must  be  allowed,  even  in  these  extreme  cases 
in  which  the  value  of  ground  is  so  different,  inasmuch  as  it  may 
vary  in  the  ratio  of  from  1  to  1 000,  that  there  are  certain  limits 
with  reference  to  the  seed  which  must  not  be  passed ;  and  there 
is  without  doubt  an  opportunity  of  making  a  series  of  curious 
and  useful  experiments  with  the  view  of  ascertaining  the  true 
ratios  which  exist  between  the  produce  and  the  seed.  I  am  well 
aware  that  the  results  of  experiments  of  this  kind  have  already 
been  made  public;  but  I  know  also  that  these  data  have  not  been 
deduced  from  a  sufficient  number  of  facts  perfectly  comparable 
with  one  another,  and  not^  under  a  variety  of  climatic  influences ; 
in  a  word,  that  they  are  qot  such  as  they  ought  to  be,  to  put  an 
end  to  the  uncertainty  which  still  exists  in  the  minds  of  the 
best  informed  farmers  and  rural  economists  upon  the  sub- 
ject. 

In  Europe  the  wheat  that  is  sown  in  autumn  generally  stands 
upon  the  ground  for  from  nine  to  ten  months.  The  time,  how- 
ever, varies  considerably  with  the  climate ;  in  the  Andes  it  is  in 
proportion  to  the  proper  temperature  of  each  place. 

Wheat,  which  is  now  an  important  article  of  agricultural  pro- 
duce in  America,  was  introduced  from  Europe  very  shortly  after 
the  Conquest.     The  first  particles  of  wheat  sown  in  Mexico  be- 
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fore  1530  are  said  to  have  been  found  by  a  negro  belonging  to 
Fernando  Cortez  among  the  rice  destined  for  provision  to  the 
army.*  Wheat  was  brought  into  Quito  by  a  Fleming,  Father 
Jose  Rixi,  a  monk  of  the  order  of  St.  Francis.  I  was  shown  in 
the  Convent  of  St.  Francis  the  vessel  in  which  the  first  seed  is 
said  to  have  come  from  Europe. 

In  Mexico,  where  the  ground  can  be  irrigated,  and  this,  all 
things  else  being  the  same,  always  yields  the  best  crops,  wheat 
is  watered  at  two  different  periods ;  when  it  has  sprung  and  when 
it  is  shooting  into  ear.  According  to  M.  de  Humboldt,  who 
has  collected  so  much  that  is  interesting  upon  the  agriculture  of 
New  Spain,  the  richness  of  the  harvest  is  truly  surprising ;  irri- 
gated soils  often  yield  from  40  to  60  times  the  seed ;  1 6  for  1 
is  reckoned  a  middling  crop,  and  taking  the  whole  of  Mexico, 
the  mean  produce  may  be  estimated  at  from  22  to  25  for  h 

The  cultivation  of  wheat  is  especially  lucrative  in  districts 
whidi  enjoy  a  mean  temperature  of  from  1 8®  to  1 9^  C.  (65®  to 
67®  F.) ;  yet  it  may  be  pursued  amidst  plantations  of  coffee-trees 
and  sugar-canes,  although  I  doubt  whether  it  can  there  be  ex- 
tremdy  productive.  The  extreme  limits  of  the  growth  of  wheat 
in  the  Cordilleras,  according  to  my  own  observations,  correspond 
with  the  mean  temperatures  of  fix)m  12®  to  23.5®  C.  (54  to 
75®  F.)  M.  Codazzi  estimates  at  37  for  1  the  mean  produce  of 
wheat  in  Venezuela. 

The  hectolitre  of  wheat  in  France  (22.009  gallons,  something 
less  than  a  sack  of  3  bushels  English),  is  held  to  weigh  on  an 
average  169.4lbs.,  or  61.6,  say  61^1bs.  per  bushel;  but  this 
weight  varies  according  to  the  quality  of  the  grain  between 
56  and  64lbs.  the  bushel. 

The  following  is  a  table  of  the  mean  produce  of  the  wheat 
crop  in  different  countries  from  documents  that  may  be  relied 
on: 

*  Humboldt's  Essay  on  New  Spain,  vol.  ii. 
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Produce  per 

liOcalltlM. 

acre  (iced  de- 
ducted). 

Authorities. 

Bushels. 

26.7 

Thaer. 

Lavanthal 

22.0 

Burger. 

Saalfelden 

18.0 

Lurzer. 

Lomhardy:  irrigated  lands     . 

25.6 

Burger. 

—         non  irrigated  lands 

15.9 

Dandolo. 

—                    ditto 

11.0 

Verra. 

Average  of  Venetian,  Lombardy 

15.9 

Burger. 

Engltmd :  the  best  soils 

34.0 

Arthur  Yoimg. 

—        average 

23.0 

Arthur  Young. 

Brabant  and  Flanders     . 

25.0 

Schwertz. 

France  -  Alsace  (after  tobacco) 

29.0 

Schwertz. 

—          —      Bechelbronn 

22.3 

Lebel  &  Boussing. 

Environs  of  Paris 

25.2 

Dailly. 

—           Oise 

21.5 

Official  statistics. 

America:  (East  of  the  Alleghanies). 

—      rich  lands 

^       35.0 

■^ 

—       middling  ditto 

9.0 

^Blodget. 

Mississippi ;  rich  lands 

^      44  2 

—            middling  ditto     . 

27.0 

^ 

Venezuela  (Valley  of  Aragua) 

44.0 

Humboldt. 

,,        temperate  regions    . 

14.0 

Codazzi. 

The  Cereals  besides  their  principal  produce,  their  farinaceous 
seeds,  yield  another,  which  is  of  great  importance  in  rural 
economy ;  this  is  straw,  which  no  European  agricultural  estab- 
lishment could  do  without.  After  having  been  used  as  food 
and  as  litter  for  cattle,  it  is  returned  to  the  ground  as  manure,  and 
contributes  powerfully  in  preventing  the  exhaustion  of  the  soil, 
which  the  cultivation  of  wheat  always  produces.  The  quantity 
of  straw  which  can  be  reckoned  on  in  a  farm,  is  of  course,  in 
proportion  to  the  soil  under  white  crops.  The  relative  weight 
of  grain  and  straw,  however,  varies  considerably  according  to 
circumstances ;  in  a  wet  year,  for  instance,  the  wheat  crop  con- 
tains a  relatively  large  proportion  of  straw,  and  a  small  proportion 
of  grain ;  in  dry  years  the  contrary  relation  obtains.  Lands  recently 
and  abundantly  manured,  yield  a  larger  quantity  of  straw  than 
clover  breaks.     Thick  sowing  always  yields  a  large  quantity  in 
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contrast  with  the  grain  ;  lastly,  climate  exerts  the  most  marked 
influence  upon  the  two  kinds  of  produce  which  we  are  con- 
sidering. The  differences  which  are  observed  between  one  year 
and  another  in  the  same  districts  in  consequence  of  very  diffe- 
rent meteorological  conditions  are  not  less  remarkable.  I  shall 
quote  a  single  instance.  The  years  1840,  1841,  and  1842 
gave  us  crops  of  grain  at  Bechelbronn  which  were  far  from 
excellent ;  in  the  first  the  rains  were  too  abundant,  and  in  the 
second  the  drought  was  too  long  continued.  In  these  opposite 
circumstances,  the  weight  of  the  straw  to  that  of  the  grain 
was: 

In  1840-41  ::  100:  24 
In  1841-42  :  :  100  :  90 

the  latter  harvest,  in  fact,  occasioned  a  complete  dearth  of  litter 
in  our  establishment.  In  ordinary  years  we  procure  about 
38  of  grain  for  a  100  of  straw,  a  relation  which  agrees  with 
those  that  have  been  reported  by  different  observers,  who  vary 
in  their  calculations  from  33  and  35  to  41,  44  and  50  of 
grain  to  1 00  parts  of  straw. 

In  the  cereals  the  amylaceous  matter  which  constitutes  the 
principal  part  of  the  seed  is  surrounded  by  a  flexible  perisperm 
of  the  nature  of  woody  tissue.  The  object  of  grinding  is  to 
break  this  case  and  to  reduce  the  interior  of  the  grain  to  powder. 
In  Prance  the  grinding  of  wheat  is  performed  by  a  succession 
of  operations.  In  England  it  is  completed  at  once.  The  French 
mode,  however,  appears  to  yield  the  largest  quantity  of  fine 
flour. 


English. 

French. 

Fine  flour 

•  5n72 

.      14/ 

661  . 

Second  flour    . 

Bran       . 

.      26 

23 

Loss 

.        2 

3 

The  proportion  of  flour  fimushed  by  the  cereals,  does  not, 
however,  depend  alone  upon  the  mode  of  grinding,  but  also  upon 
the  nature  of  the  gram.  Wheat,  for  instance,  of  different  kinds, 
yields  78,  83  and  85 1  per  cent,  of  flour. 
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Spelter.  This  grain  is  so  firmly  enclosed  in  the  husk,  that 
it  cannot  be  freed  by  threshing ;  so  that,  in  the  countries  where 
this  grain  is  grown  the  mills  are  provided  with  an  apparatus  for 
husking  it.  Schwertz  made  many  experiments  in  Wurtemberg 
to  determine  the  quantity  of  flour  yielded  by  spelter,  and  he 
found  that  from  100  of  grain  he  obtained  90  of  husked  grain, 
and  8. 7  of  bran ;  there  was  a  loss  of  1 .3.  The  quality  of  the  flour 
always  varies  according  to  the  wheat  from  which  it  is  procured  : 
it  contains  moisture  in  variable  proportions,  gluten  in  variable 
proportions,  and  finally  various  quantities  of  woody  matter.  The 
wheat  of  the  south  is  harder  and  tougher  than  that  of  the  north,  and 
appears  richer  in  azotised  principles ;  as  it  contains  less  moisture 
it  also  keeps  better ;  it  is  undoubtedly  in  consequence  of  the 
large  quantity  of  water  which  our  northern  wheats  contain  that 
we  meet  with  such  indifferent  success  when  we  attempt 
to  keep  them  for  any  length  of  time  in  our  granaries.  The 
wheat  of  Alsace,  for  example,  frequently  contains  from  1 6  to 
20  per  cent,  of  moisture ;  and  I  have  ascertained,  by  various  ex- 
periments, that  it  is  almost  impossible  to  keep  it  without  change, 
in  vessels  hermetically  sealed.  To  secure  its  keeping,  the  pro- 
portion of  water  must  be  reduced  to  from  8  to  10  per  cent,  and 
this  is  nearly  the  quantity  of  moisture  contained  in  the  hard  and 
homy  wheat  of  warm  countries.  I  am  therefore  of  opinion  that 
we  shall  never  succeed  in  these  countries  in  keeping  wheat  for 
any  length  of  time, — in  the  magazines  of  fortified  towns,  for 
example,  whatever  care  be  taken. 

The  flour  of  the  cereals,  particularly  that  of  wheat,  absorbs  a 
large  quantity  of  water,  and  forms  a  paste,  which  is  by  so  much 
the  firmer  and  more  elastic,  as  the  flour  contains  a  larger  pro- 
portion of  gluten :  the  azotised  principle  of  wheat  has,  in  fact, 
the  remarkable  property  of  being  extensible  like  a  membrane 
when  it  is  moist,  and  this  property  it  communicates  to  the  whole 
of  the  paste  or  dough.  In  order  to  be  brought  into  the  state  of 
dough  fit  for  making  bread,  flour  will  absorb  from  55  to  70  per 
cent,  of  water.  The  quantity  of  bread  obtained  necessarily 
depends  upon  the  heat  and  length  of  exposure  in  the  oven ;  but 
in  a  general  way,  from  100  of  flour,   130  of  the  best  white 


WHEAT.  221 

bread  of  Paris  is  procured.  In  the  country  the  bread  is  gene- 
rally less  baked  than  in  Paris  or  London,  and  therefore  retains 
more  water;  so  that  from  100  of  flour,  140,  145,  and  146  of 
bread  are  made ;  thus,  admitting  1 6  per  cent,  of  moisture  as 
existing  in  wheat  originally,  we  have  of  absolute  dry  matter  64^, 
57,  and  56  in  different  kinds  of  bread. 

Bread  is  by  so  much  the  more  nutritious  as  it  is  made  from 
flour  containing  a  larger  proportion  of  gluten ;  to  add  any  starch 
therefore  is  to  prejudice  the  interests  of  the  consumer ;  neverthe- 
less it  is  the  practice  to  do  so  almost  openly;  when  potato 
starch  is  at  a  low  price,  the  adulteration  frequently  begins  with 
the  miller  and  is  extended  under  the  baker.  The  quantity  of 
gluten  contained  in  difierent  kinds  of  wheat  varies  greatly. 
Vauquelin  found  in  th( 


Gum 
Gluten.    Starch.  Sugar,  or  dextrine.     Water.    Bran. 

Flour  of  French  wheat  .     .     .     .11.0  71.5  4.7  3.3  10.9 

Flour  from  hard  Odessa  wheat     .14.6  56.5  8.5  4.9  12.0     2.3 

Flour  from  soft  Odessa  wheat       .12.0  62.0  7.6  5.8  10.0     1.2 

Flour  from  the  baker's  ....  10.2  72.8  4.2  2.8  10.0 

The  method  of  analysis  employed  by  Vauquelin,  whose  re- 
sults are  given  above,  by  means  of  washing,  is  however  far  from 
bdng  very  accurate ;  it  is  impossible  to  prevent  the  loss  of  some 
gluten  which  passes  with  the  starch,  and  the  vegetable  albumen 
is  entirely  lost  by  reason  of  its  solubility  in  water ;  and  then  to 
dry  gluten  is  a  very  long  and  delicate  process ;  and  if  we  would 
pretend  to  any  degree  of  accuracy,  we  must  ascertain  the  quan- 
tity of  fatty  matter  contained  in  the  samples.  I  therefore 
thought  that  with  reference  to  the  azotised  principles  particu- 
larly, the  better  way  would  be  by  proceeding  to  ascertain  these 
by  immediate  ultimate  analysis. 

The  four  azotised  principles  which  we  have  already  admitted 
have  very  nearly  the  same  elementary  composition ;  the  mean 
proportion  of  azote  in  each  is  0. 1 6.  With  this  datum  it  is  evident 
that  if  a  particular  sample  of  flour  is  found  to  contain  0.04  of 
azote,  it  may  be  inferred  that  this  azote  represents  0.25  of  gluten, 
albumen,  fibrine  and  caseine,  dried  at  140®  C.  (284®  F.),  and  as 
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these  are  the  most  valuable  elements  in  flour,  I  took  the  pains  to 
ascertain  their  proportion  in  a  considerable  number  of  varieties  of 
wheat,  the  whole  of  which  were  grown  in  the  same  year,  in  the 
same  soil,  which  was  well  manured,  and  imder  climatic  influences 
that  were  identical;  nor  did  I  restrict  myself  to  the  azotised 
matters  of  these  samples ;  I  also  endeavoured  to  ascertain  the 
precise  relative  quantities  of  bran  and  of  flour.  The  following 
table  contains  the  results  of  my  experiments. 
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The  quantity  of  gluten  and  albumen  contained  in  these 
samples  of  flour  is  much  larger  than  that  usually  indicated ;  I 
have  given  reasons  which  explain,  to  a  certain  extent,  this  dif- 
ference. I  ought  to  add,  however,  that  the  varieties  of  wheat, 
the  flour  of  which  was  analyzed,  were  all  grown  in  the  rich 
soil  of  the  garden,  a  circumstance  which  as  Hermbstadt  has 
shown,  exerts  the  most  powerful  influence  in  increasing  the 
quantity  of  gluten  in  wheat. 

It  was  already  known,  from  the  experiments  of  Tessier,  that 
the  proportion  of  gluten  in  the  same  species  of  wheat  might 
vary  in  the  ratio  of  from  12  to  36  per  cent,  of  the  weight  of 
the  flour,  according  to  the  nature  of  the  soil  and  the  quantity 
of  manure.  But  it  was  Hermbstadt  who  first  made  truly  com- 
parative observations  on  the  action  of  the  excrements  of  different 
animals  on  the  culture  of  the  cereals. 

The  excrements  made  use  of  by  this  able  cultivator  in  his 
inquiries  were  always  dried  in  the  air  at  a  temperature  of  1 2^®  C. 
(54 1^  F.),  and  equal  areas  of  the  same  soil  were  sown  with  equal 
weights  of  winter  wheat,  and  had  a  similar  dose  of  maniu-e  of 
one  kind  or  another  spread  over  them.  One  hundred  parts  of 
the  flour  obtained  from  wheat  thus  grown  yielded  : 


Bran,  toloble  mat- 

Gluten. 

starch. 

ter  and  moisture. 

With  human  urine 

35.1 

39.3 

25.6 

„     bullock's  blood 

34.2 

41.3 

25.5 

„     human  excrement 

33.1 

41.4 

25.5 

„    sheep's  dung     • 

22.9 

42.8 

34.3 

„    goat's  ditto 

32.9 

42.4 

24.7 

„     horse  ditto 

13.7 

61.6 

24.7 

„    pigeon's  ditto    . 

12.2 

63.2 

24.6 

„     cow's  ditto 

12.0 

62.3 

25.7 

Soil  not  manured 

9.2 

66.7 

24.1 

It  is  apparent,  therefore,  that  in  general,  for  the  exception 
only  refers  to  the  pigeon's  and  the  horse  dimg,  the  wheat  grown 
in  ground  manured  with  the  most  highly  azotised  matters 
yields  the  largest  quantity  of  gluten. 

By  way  of  adding  to  and  confirming  these  conclusions  of 
Hermbstadt,  I  shall  give  the  results  of  an  experiment  of  my 
own  made  in  1836,  in  which  the  same  variety  of  wheat  was 
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grown  in  the  open  fidd,  and  in  garden  ground  very  highly  ma- 
nured. The  grain  was  analysed  after  having  been  dried  at 
110*C.  (230<^F.)  and  gave: 


Carbon     • 
Hydrogen 
Oxygen    . 
Azote 
Ashes 


nom  the  open  field.  From  the  gmrden  ground. 

46.10  45.51 

5.80  5.67 

43.40  43.00 

2.29  3.51 

2.4L 2.31 

100.00  100.00 


In  the  produce  of  the  garden  there  were  21 .94 — very  nearly 
22  per  cent,  of  gluten  and  albumen ;  in  that  of  the  open  field 
no  more  than  14.31  per  cent,  of  the  same  principles. 

Davy  was  of  opinion  that  the  wheat  of  warm  climates  was 
richer  in  azotised  principles  than  that  of  temperate  lands.  South- 
em  countries  are  known  to  produce  harder,  tougher  grain,  the 
flour  of  which  contains  more  gluten  than  the  soft  and  more 
friable  wheat  of  the  north  ;  and  the  inquiries  of  M.  Payen  ap- 
pear to  bear  out  the  conclusion  of  the  illustrious  English  che- 
mist. M.  Payen,  in  fact,  found  in  the  hard  wheat  of  Africa 
3.00  of  azote,  equivalent  to  18.7  ;  and  in  that  of  Venezuela  3.50 
of  azote,  equivalent  to  21.9  of  gluten  and  albumen.  The 
experiments  quoted  above,  however,  prove  that  we  may  have 
wheat  grown  in  Europe  fully  as  rich  in  azotised  elements  as  any 
that  is  grown  between  the  tropics ;  the  influence  of  the  soil  in 
this  direction  is  probably  more  than  the  influence  of  climate. 

In  all  the  analyses  of  wheaten  and  other  flour  published  up  to 
the  present  time,  we  find  no  mention  made  of  the  fatty  matters 
which  they  contain ;  and  late  views  in  regard  to  the  special  part 
which  these  matters  play  in  nutrition  make  it  very  necessary  to 
supply  the  omission.  Along  with  MM.  Dumas  and  Payen,  I 
therefore  determined  the  quantity  of  fatty  matter  contained  in  a 
considerable  nxmiber  of  the  vegetables  and  vegetable  substances 
used  as  food,  from  which  it  appears  that  grain  of  different  kinds 
contains  from  2  to  10  per  cent  of  oil.  One  himdred  parts  of  winter 
wheat  gathered  at  Bechelbronn  lost  14.5  of  water  by  drying  at 
110  C.  (230  F.)  and  therefore  contained  85.5  of  dry  matter. 
100  of  this  dry  wheat  gave  13.7  of  bran  and  86.3  of  flour. 

Q 


Dry  matter. 

Gluten  and 

starch. 

Glucose. 

Gum. 

Fatty 

Woody 

Albumen. 

(Sugar.) 

matter. 

tissue. 

Bran 

.       20.0 

28.8 

5.5 

45.7 

Flour     . 

.       13.4 

73.2 

5.6 

4.2 

2.1 

Wheat  . 

.       14.3 

63.2 

12.4 

1.6 

7.5 

226  RYE. 

Various  analyses  showed  the  composition  of  this  wheat  and 
its  parts  to  be  as  follows  : 

Ashes. 


1.5 


Rye  (Secale  cereale.)  Rye  is  an  important  article  of  food, 
particularly  in  the  north  of  Europe  where  the  people  live  upon 
it  almost  entirely.  It  is  a  very  hardy  plant,  and  will  thrive  in 
soils  which  are  sJtogether  unfit  to  grow  wheat.  In  the  husban- 
dry of  the  north  this  grain  occupies  the  place  of  wheat  in  the 
south  ;  it  requires  much  the  same  treatment,  and  stands  upon 
the  ground  for  nearly  the  same  length  of  time.  The  bushel  of 
rye  weighs  on  an  average  about  60lbs.  avoird.  The  usual  quan- 
tity of  seed  sown  is  from  1 0  to  11  pecks  per  acre,  and  the  pro- 
duce per  acre,  the  seed  being  deducted,  has  been  stated  as  follows  : 


Bushels 

Brabant 

23.0 

Flanders 

32.4 

Austria  . 

20.6 

England 

22.0 

France  . 

19.0 

The  German  agriculturists  say,  that  the  weight  of  the  straw 
to  the  weight  of  the  rye  produced  is  in  general  as  100  is  to  47 ; 
others  say  as  100  is  to  50,  and  some  have  taken  it  even  as  high 
as  100  to  33.  The  relation  seems  to  differ  extremely  in  diffe- 
rent years.  At  Bechelbronn,  for  example,  in  1 840 — 4 1  we  had 
63  of  grain  to  100  of  straw;  in  1841 — 42  we  had  but  25  of 
grain  to  100  of  straw. 

Rye  yields  flour  that  is  not  so  white  nor  so  fine  as  that  of 
wheat,  which  is  in  consequence  of  the  woody  covering  of  the 
grain  getting  groimd,  in  great  part,  in  the  mill.  If  but  from 
50  to  65  parts  per  cent,  of  flour  be  taken  from  rye  it  is  white  and 
looks  well.  The  dough  made  with  rye  flour  is  not  very  ad- 
hesive ;  it  contains  little  vegetable  fibrine,  the  azotised  principle 
which  gives  gluten  its  elastic  properties.  It  is  this  want  of  ve- 
getable fibrine  which  renders  it  more  diflicult  to  make  good  light 
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bread  of  rye  than  of  wheaten  flour,  although  experiment  shows 
that  lye  flour  of  the  first  quality  will  form  as  large  a  proportion 
of  bread  as  wheaten  flour ;  100  of  rye  flour  have  given  145  of 
bread. 

Rye  bread  is  more  hygrometric  than  that  of  wheat,  and  con- 
sequently remains  for  a  longer  time  sofl:  and  fresh.  Rye  gene- 
rally contains  24  of  bran  to  76  of  flour ;  by  drying  at  230  F,  it 
loses  about  1 7  per  cent,  of  water.  Analyses  of  a  dried  sample 
grown  at  Bechdbronn  yielded : 

Gluten  and  albumen  (azotised  principles  united)    .  10.5 

Starch 64  0 

Fatty  matters 3.5 

Sugar  (glucose  ? ) 3.0 

Gum 11.0 

Woody  matter  and  salts  (phosphates)    .         .        .  6.0 

LOBB 2.0 

100.0 

Barley  (Hardeum  vulgare.)  The  usual  produce  of  barley 
varies  much  from  15  or  20  to  50,  60  and  even  70  bushels 
per  acre ;  the  average  for  France  is  stated  at  about  43^  bushels; 
and  the  weight  of  the  bushel  may  be  taken  on  an  average  at 
about  604lbs.  The  ratio  of  the  straw  to  the  grain  varies 
very  much,  but  may  be  taken  generally  at  that  of  100  to  50. 
Barley  contains  : 

Of  flour 68.6 

Bran 18.4 

Water 13.0 

100.0 

Dried,  this  grain  gave  0.0214  of  azote,  which  represents  13.4 
per  cent,  of  gluten  and  other  azotised  principles. 

Oats  (Avena  saliva.)  When  oats  yield  43  or  44  bushels  per 
acre,  the  crop  is  a  fair  one.  At  Bechelbronn  we  have  frequently 
had  upwards  of  45  bushels  per  acre.*  Schwertz  states  the  relation 
between  the  straw  and  the  grain  as  1 00  is  to  60. 

*  This  would  he  reckoned  a  poor  crop  in  the  North  of  England  and 
Scotland,  where  80,  90  and  even  100  busheb  of  oats  per  acre  are  fre- 
quently grown. — ^Eno.  Ed. 

q2 
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Some  oats  gathered  m  1841 — 42  yielded  78  of  meal  and  22 
of  husk  per  cent. 

One  hundred  parts  of  these  oats  lost  by  drying  at  230**  F., 
20.8  of  water ;  thus  dried  analysis  showed  that  they  contained  : 

Of  starch  .....     46.1 

gluten,  albumen,  &c.     .         .         .     13.7 

fatty  matter  ....       6.7 

sugar  (glucose)    .         .         .         .6.0 

gum   ......       3.8 

woody  matter,  ashes,  and  loss  21.7 


>« 
»» 


100.0 

Maize  {Zea  mais).  This  is  the  true  wheat  of  the  Ameri- 
cans, and  it  is  now  generally  allowed  that  the  plant  is  a  native 
of  the  New  World.  It  is  jJso  well  known  that  maize  was  intro- 
duced into  Spain  long  before  potatoes.  Oviedo  states  in  his 
work,  printed  in  1525,  that  he  had  seen  it  growing  in  Anda- 
lusia and  the  neighbourhood  of  Madrid.  The  cultivation  of  this 
useful  plant  was  observed  everywhere  on  the  discovery  of  Ame- 
rica by  Europeans,  from  the  most  southern  parts  of  Chili  to 
Pennsylvania  in  the  north ;  and  in  the  neighbourhood  of  the 
equator,  from  the  level  of  the  sea  to  the  high  table  lands  of  the 
Andes.  Garcilasso  gives  a  particular  description  of  the  pro- 
cedure followed  by  the  Incas  in  the  cultivation  of  this  plant,  the 
kind  of  manure,  &c.  At  Cusco  the  Indians  manured  with  hu- 
man excrement  dried  and  reduced  to  powder.  On  the  coasts 
they  employed  in  one  place  guano,  in  others,  as  the  dusty  and 
sterile  soils  of  Attica,  Atiquiba,  &c.,  they  made  use  of  the  offal 
of  fish. 

The  uses  of  maize  are  very  numerous.  In  America  it  is  made 
into  cakes,  which  are  a  substitute  for  bread ;  by  fermentation  a 
vinous  liquor  is  prepared  from  it,  called  chicha.  fiefore  the  con- 
quest, the  Mexicans  manufactured  a  syrup  from  the  expressed  juice 
of  the  stems.  In  describing  to  Charles  V  the  various  articles  of 
provision  that  were  met  with  in  the  march  to  Tlatdoldo,  Cortez 
says,  "  They  sold  us  the  honey  of  bees,  wax,  and  honey  from  the 
stems  of  the  maize  plant."  Maize  when  ground  and  boiled  makes 
a  kind  of  pudding  in  universal  use,  and  the  ear,  when  nearly  ripe, 
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whether  boiled  in  water  or  roasted  in  the  ashes,  is  held  a  luxury 
by  all  classes.  In  the  tropical  Cordillera  maize  is  advantageously 
cultivated  from  the  level  of  the  sea  to  the  height  9186  feet  above 
it ;  that  is  to  say,  it  thrives  in  temperatiu-es  which  var)*  be- 
tween 14**  and  27.5**  C.  (57.5*»  and  81.5**  F.) ;  this  circumstance 
explains  its  very  general  introduction  into  Europe. 

Maize  succeeds  on  all  soils  when  they  are  properly  manured  ; 
I  have  seen  beautiful  crops  upon  the  most  sandy  soils  and  upon 
the  stiffest  days ;  it  requires  much  the  same  management  as 
our  ordinary  grain  crops  ;  the  climate  alone  should  decide  as  tc 
whether  its  introduction  into  a  particular  district  is  opportune  or 
not ;  a  certain  degree  of  heat  is  necessary  to  ripen  it,  and  above 
all,  the  cold  to  which  it  is  exposed  must  not  be  too  severe.  It  is 
for  this  reason  that  in  the  east  of  Europe  the  maize  is  sown  in 
spring  when  there  is  no  longer  any  apprehension  of  frost; 
there  would  be  a  real  advantage  in  sowing  late,  were  it  not 
for  fear  of  the  frosts  of  autumn  at  the  season  of  ripening.  The 
susceptibility  of  maize  to  frost  and  climate  generally,  appears 
to  me  very  analogous  to  that  of  the  vine ;  and  I  doubt  whether 
it  would  be  wise  to  attempt  its  cultivation  on  the  great  scale 
where  the  grape  does  not  ripen  in  ordinary  years. 

Maize  is  sown  either  with  the  dibble  or  with  the  hand,  fol- 
lowing a  furrow  opened  by  the  plough ;  I  believe  that  it  ought 
never  to  be  sown  broadcast,  for  it  is  a  plant  that  requires  room ; 
it  is  only  in  the  hottest  countries  that  the  drill  system  is 
less  necessary.  In  Alsace  the  drills  are  about  2^  feet  apart,  and 
the  seeds  are  sown  at  the  distance  of  about  a  foot  from  each 
other.  This  very  considerable  space  left  between  the  maize 
plants  appears  to  authorise  the  general  custom  that  prevails 
of  interposing  some  other  crop  in  the  fields  under  Indian 
corn  ;  that  which  is  most  generally  interposed  is  either  the 
dwarf  haricot  or  the  potato.  I  observed  the  same  custom  in 
the  more  temperate  valleys  of  the  Andes,  where  it  is  almost 
as  necessary  as  in  Europe  to  leave  free  spaces  between  the  plants 
to  give  them  air  and  sun ;  but  the  plant  is  cultivated  alone  in 
the  hotter  regions.  Soon  after  maize  has  sprung  it  receives 
a  first  hoeing,  and  after  it  has  got  to  a  certain  height  a  second ; 
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in  Alsace,  for  instance,  it  is  customary  to  hoe  towards  the  end 
of  June ;  but  I  never  saw  any  operation  of  the  kind  performed 
between  the  tropics ;  the  only  care  they  seemed  to  take  of  their 
fields  of  Indian  com  was  to  pull  up  foul  weeds.  In  Europe  it 
is  usual  to  take  away  the  sprouts  which  rise  beside  the  principal 
stem ;  this  precaution  is  also  unnecessary  in  equatorial  countries 
where  the  ground  is  fertile ;  the  more  lateral  stems  that  rise  the 
better,  as  they  all  become  richly  laden  with  grain.  I  may  also 
say  as  much  for  the  system  of  topping  which  prevails  among  us, 
that  system  which  consists  in  removing  the  extremity  of  the 
stem  which  bears  the  male  flowers  after  the  fecundation  has 
been  effected.  The  leaves  and  heads  of  stems  which  are  ob- 
tained by  this  operation,  compose  a  forage  by  no  means  to  be 
despised. 

The  time  during  which  the  crop  of  maize  remains  on  the 
ground  is  greatly  influenced  by  the  mean  temperature  of  the 
climate ;  in  hot  intertropical  countries  the  grain  ripens  in  less 
than  three  months,  and  there  are  even  farms  upon  which  four 
considerable  crops  are  gathered  in  the  course  of  the  year.  On  the 
temperate  plateau  or  table-land  of  Bogota,  the  plant  ripens  in 
six  months ;  in  Alsace  about  the  same  length  of  time  is  re- 
quired, although  at  Bechelbronn  in  1836,  the  maize  which  was 
sown  on  the  1st  of  June  was  gathered  ripe  on  the  Ist  of 
October.  Maize  is  dried  either  in  exposing  the  spikes  stripped 
of  their  covering  upon  the  floor  of  a  well  ventilated  granary,  or 
by  hanging  them  up  in  bunches  or  sheaves  under  sheds  or 
under  the  eaves  of  the  house.  In  warm  countries  the  drying  is 
accomplished  by  one  or  two  days'  exposure  to  the  sun,  after 
which  the  spikes  are  stored.  The  maize  is  freed  from  the 
stem  with  the  hand  in  small  farms,  with  the  flail  in  larger 
establishments.  In  America  the  operation  is  never  done  until 
the  moment  when  the  grain  is  wanted,  as  it  is  said  that  the 
grain  is  less  subject  to  be  attacked  by  insects  when  it  is  kept  in 
the  ear.  When  animals  are  fed  on  maize  they  are  accus- 
tomed to  separate  it  for  themselves. 

The  produce  in  Indian  com  varies  greatly,  as  appears  by  the 
following  table  in  different  countries  : 
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Countries. 

Lavanthal 

• 

Prodoce  In  BiuheU 
per  Acre. 

.     81 

Carinthia 

• 

.     55 

Austria  and  Moravia 

• 

.     24 

Hungary  and  Croatia 

Tuscany 

France  (climate  of  Paris) 

Alsace 

.     42 
.     96 
.     29 
•     43 

Venezuela     • 

• 

.  147 

231 


By  far  the  finest  crops  of  Indian  com  in  America  are  obtained 
upon  breaks  of  virgin  soil.  I  do  not  hesitate  to  say  that  the 
husbandman  gains  from  six  hundred  to  seven  hundred  times  his 
seed  under  such  circumstances.  The  mode  of  proceeding  upon 
these  breaks,  which  I  have  fi^uently  witnessed,  deserves  to 
fix  attention  for  a  moment. 

The  planter  chooses  the  end  of  the  rainy  season  for  cutting 
down  the  trees  and  the  brushwood :  every  thing  remains  where 
it  falls  until  it  is  sufficiently  dry ;  fire  is  then  set  to  the  heap, 
and  the  biuning  extends  and  lasts  even  for  weeks ;  all  the  smaller 
branches  are  completely  consumed,  nothing  but  the  charred 
trunks  of  the  larger  trees  remain.  As  the  rainy  season  is  about 
to  return,  a  man,  with  a  pointed  stick  in  his  hand,  goes  over  the 
burnt  surface,  making  a  hole  of  no  great  depth  at  intervals, 
into  which  he  throws  two  or  three  particles  of  Indian  com,  over 
which  he  draws  a  little  earth,  or  rather  ashes,  by  a  slight  motion 
of  his  foot.  This  primitive  mode  of  sowing  terminated,  the 
planter  takes  no  further  heed  of  the  crop ;  his  habitation  is  often 
80  remote,  that  he  never  visits  it  until  harvest  time :  the  rain 
and  the  climate  do  all  the  work :  it  is  unnecessary  to  hoe,  the 
burning  having  destroyed  all  the  plants  that  were  indigenous  to 
the  soil,  nothing  rises  but  the  grain  which  has  been  sown.  In 
such  fields,  stems  of  Indian  corn  are  fi*equently  seen  of  the 
height  of  fi-om  twelve  to  fourteen  feet.  It  rarely  happens  that 
more  than  three  consecutive  crops  are  taken  from  the  burnt  soil; 
and  the  last,  though  still  very  superior  to  anything  which  we  can 
obtain  by  our  regular  husbandry,  is  not  to  compare  with  the 
first.  As  there  is  no  want  of  forest,  it  is  held  preferable  to 
make  a  fresh  break. 
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Taking  the  seed  as  unity,  it  is  found  from  documents  now  pos- 
sessed, that  1  of  seed  will  yield :  In  Mexico  (an  indifferent  har- 
vest) 150;  in  New  California  (beyond  the  tropics)  80  ;  Alsace 
(the  plants  very  far  apart)  1 90  ;  Venezuela  (an  ordinary  crop) 
238.  >  Besides  the  grain  and  the  straw,  the  husks  and  the  cores 
of  Indian  com  are  all  extremely  valuable  upon  the  farm  as 
forage  and  as  affording  manure. 

Maize  has  been  analysed  by  M.  Payen,  and  found  to  contain : 
starch  71.2,  gluten,  albumen,  &c.  12.3,  fat,  oil  9.0,  dextrine 
and  glucose  0.4,  woody  tissue  5.9,  and  salts  1.2;  100.0.  I 
found  0  02  of  azote  in  a  sample  of  dry  maize,  which  I  analysed, 
a  quantity  which  indicates  1 2.5  of  gluten  and  albumen,  a  result 
that  coincides  exactly  with  M.  Payen's  analysis. 

Rice  [Oriza  sativa).  Rice  is  an  aquatic  plant  which  can 
only  be  grown  in  low  nooist  lands  that  are  easily  inundated.  The 
ground  is  ploughed  or  stirred  superficially,  and  divided  into 
squares  of  from  twenty  to  thirty  yards  in  the  sides,  separated 
from  each  other  by  dykes  of  earth,  about  two  feet  in  height, 
and  sufficiently  broad  for  a  man  to  walk  upon.  These  dykes 
are  for  retaining  the  water  when  it  is  required,  and  to  permit  of 
its  being  drawn  off  when  the  inundation  is  no  longer  necessary. 
The  ground  prepared,  the  water  is  let  on,  and  kept  at  a  certain 
height  in  the  sev»*al  compartments  of  the  rice-field,  and  the 
seedsman  goes  to  work.  The  rice  that  is  to  be  used  as  seed 
must  have  been  kept  in  the  husk ;  it  is  put  into  a  sack,  which  is 
immersed  in  water,  imtil  the  grain  swells  and  shows  signs  of 
germination  ;  the  seedsman  walking  through  the  inundated 
field,  scatters  the  seed  with  his  hand  as  usual,  the  rice  imme- 
diately sinks  to  the  bottom,  and  may  even  penetrate  to  a  certain 
depth  into  the  mud.  In  Piedmont,  where  the  sowing  takes 
place  at  the  beginning  of  April,  they  generally  use  about  55lbs. 
of  seed  per  acre.  The  rice  begins  to  show  itself  above  the  sur- 
face of  the  water  at  the  end  of  a  fortnight;  as  the  plant 
grows,  the  depth  of  the  water  is  increased,  so  that  the  stalks 
may  not  bend  with  their  own  weight.  About  the  middle  of 
June  this  disposition  is  no  longer  to  be  apprehended ;  the  rice 
is  no  longer  so  flexible  as  it  was,  so  that  the  water   can   be 
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drawn  off  for  a  few  days  to  permit  hoeing,  after  which  the 
water  is  let  on  and  maintained  to  the  height  of  the  plant ;  in 
July  it  is  usual  to  top  the  stalks,  an  operation  which  renders  the 
flowering  almost  simidtaneous.  Rice  generally  flowers  in  the 
beginning  of  the  month  of  August,  and  a  fortnight  later  the 
grain  begins  to  form.  It  is  at  this  period  especially  that  the 
stalks  require  to  be  supported,  and  this  is  effectually  done  by 
keeping  the  water  at  about  half  their  height.  The  rice  field  is 
emptied  when  the  straw  turns  yellow.  The  harvest  generally 
takes  place  at  the  end  of  September.  In  the  Isle  of  France, 
rice  is  cultivated  in  very  damp  soils,  upon  which  a  great  deal  of 
rain  fiells,  but  which  are  not  flooded  artificially ;  I  have  seen  the 
same  process  followed  in  other  tropical  countries  which  I  have 
visited,  but  I  do  not  think  that  the  produce  is  so  great,  or  the 
crop  so  certain  as  where  inundation  is  employed.  In  Piedmont, 
the  usual  return  fi*om  a  rice-field  is  reckoned  at  about  50  for  1 
of  seed.  At  Muzo,  in  New  Granada,  the  paddy-fields  which 
are  not  inundated,  under  the  influence  of  a  mean  temperature  of 
26^  cent.  (79^  Fahr.)  yield  100  for  1. 

Three  kinds  of  rice  yielded,  on  analysis,  the  following  quan- 
tities of 


CaroliiuL       Piedmont. 

RIct. 

Starch 

.     89.5         90.1 

86.9 

Gluten,  albumen,  &c. 

.                •             o.o                    «5.ft7 

75 

Fatty  matters 

.       0.2           0.3 

0.8 

Sugar  (glucose  ?) 
Gum  . 

.       0.3           0.11 
.       0.7           0.1/ 

0.5 

Woody  tissue 

.       5.1           5.1 

3.4 

Phosphate  of  lime 
Chloride  of  potassium. 

.      0.4           0.4 
phosphate  of  ditto,  &c. 

jo.9 

100.0       100.0       100.0 

M.  Payen's  analysis  indicates  a  proportion  of  azote,  the 
double  of  that  found  by  M.  Braconnot.  In  a  trial  for  azote, 
which  I  made  myself,  I  found  1.2  of  this  element  per  cent, 
which  would  show  the  amount  of  albumen  and  gluten  to  be  7.5, 
a  quantity  that  corresponds  exactly  with  M.  Payen's  valuation. 

Coffee  {Coffea  Arabica).  The  habit  of  using  the  infusion  of 
coffee  appears  to  have  been  introduced  into  Europe  about  the 
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middle  of  the  sixteenth  century.  The  first  public  establish- 
ments for  the  sale  of  the  drink  were  opened  in  Constantinople 
in  the  year  1554.  The  use  of  coffee  remained  for  a  long  time 
confined  to  the  East ;  but  by  degrees  it  spread,  and  at  the  pre- 
sent day  the  consumption  of  the  article  in  Europe  exceeds 
660,000,000  of  pounds  annually.  The  greater  portion  of 
coffee  consumed  in  Europe  is  the  produce]  of  America,  and  yet 
it  is  not  more  than  a  century  since  it  was  first  grown  in  the 
new  world. 

The  coffee  plant  thrives  between  the  tropics  in  situations 
where  the  mean  and  nearly  constant  temperature  is  between 
ay  and  26°  C.  (71.5°  and  80^  F.) 

Coffee  is  rarely  sown  in  a  nursery ;  the  seeds  are  made  to 
germinate  still  surrounded  by  their  natural  pulp,  and  wrapped 
up  in  leaves  of  the  banana.  The  young  plants  after  seven  or 
eight  days  of  germination,  are  put  into  the  gro\md.  In  the 
valley  d'Aragua  an  acre  of  ground  of  good  quality  is  generally 
laid  out  with  about  1 040  plants.  The  coffee  plant  flourishes  in 
the  course  of  the  second  year ;  when  left  to  grow  unimpeded  it 
will  attain  a  height  of  from  23  to  26  feet,  but  it  is  seldom 
allowed  to  grow  so  high,  its  upward  progress  being  checked  by 
pruning ;  the  planters  of  Venezuela  generally  keep  it  at  a  height 
of  from  5  to  6  feet.  The  shrub  receives  the  care  of  the  planter 
during  the  first  two  years ;  the  ground  must  be  kept  fi-ee  from 
weeds,  and  the  growth  of  parasites  must  above  all  be  prevented. 
To  thrive,  the  coffee  plant  requires  frequent  rains  up  to  the  time 
of  flowering.  The  fixiit  bears  a  strong  resemblance  to  a  small 
cherry,  and  is  ripe  when  it  be4X)mes  of  a  red  colour,  and  the  pulp 
is  soft  and  very  sweet.  As  the  berries  never  ripen  simulta- 
neously, the  coffee  harvest  takes  place  at  different  times,  each 
requiring  at  least  three  visits  made  at  intervals  of  from  five  to 
six  days.  A  negro  will  gather  fix)m  10  to  12  gallons  of  fixiit  in 
the  course  of  a  day. 

Two  beans  are  foimd  in  the  interior  of  each  berry ;  in  order 
to  fi-ee  these  from  the  pulp  which  surrounds  them,  they  are 
passed  through  a  kind  of  mill,  and  the  coffee  is  steeped  in  water 
for  twenty-four  hours  in  order  to  free  it  fix)m  the  mucilaginous 
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matter  which  adheres  to  it ;  it  is  then  dried  by  being  spread  out 
upon  a  floor  under  a  shed.  In  the  coffee  plantations  of  Vene- 
zuela which  I  visited,  I  saw  them  proceed  in  another  way.  The 
berries  were  exposed  to  the  sun  upon  a  piece  of  ground  some- 
what inclined,  and  spread  out  to  about  three  inches  in  thickness ; 
the  pulp  soon  enters  into  fermentation,  and  a  very  distinct 
vinous  odour  is  exhaled,  and  the  juice  altered  either  flows  away 
or  dries  up ;  at  the  end  of  a  fortnight  or  three  weeks  the  berries 
are  all  dry  and  shrivelled,  and  they  then  undergo  two  tritura- 
tions, one  to  obtain  the  seeds  or  beans,  the  other  to  detach  a 
thin  pellicle  which  surrounds  them.  Three  bushels  of  berries 
win  yield  from  85  to  901bs.  of  marketable  coffee. 

During  the  destruction  of  the  sugary  matter  contained  in  the 
pulp  of  the  berry,  a  considerable  quantity  of  spirit  is  produced  and 
dissipated.  M.  Humboldt,  struck  with  the  readiness  with  which 
the  berry  of  the  coffee  plant  runs  into  fermentation,  expresses  his 
surprise  that  no  one  ever  thought  of  obtaining  alcohol  from  it. 
In  an  old  work,  however,  I  find  the  following  passage :  ''  The  in- 
habitants of  Arabia  take  the  skin  which  surrounds  the  coffee 
bean  and  prepare  it  as  we  do  raisins ;  they  form  a  drink  with  it 
for  refreshment  during  the  summer."*  This  vinous  liquor 
appears  to  enjoy  all  the  exciting  properties  which  are  esteemed 
in  the  infrision  of  coffee. 

The  coffee  plant  continues  to  produce  to  the  age  of  forty  to 
forty-five  years ;  it  bears  to  a  considerable  extent  even  in  the 
third  year.  Some  shrubs  yield  from  1 7  to  22lbs.  of  dry  coffee 
beans ;  but  this  is  a  very  lai^e  quantity.  An  acre  of  land  in  the 
vall^  d'Aragua,  planted  with  about  1040  shrubs,  will  yield 
about  940  or  950  lbs.,  which  is  at  the  rate  of  somewhat  less 
than  1  lb.  per  shrub. 

Coffee  contains  the  same  active  principle  as  tea,  coffeine,  but 
in  less  proportion ;  the  researches  of  different  chemists  have  also 
shown  the  presence  of  a  particular  acid  called  coffeic  acid,  of 
fatty  matters,  a  volatile  oil,  a  colouring  matter,  albumen,  tannin, 
and  alkaline  and  earthy  salts. 

Cocoa  (Theobroma  cacao).    The  ancient  Mexicans  cultivated 

*  Mem.  of  the  Academy  of  Inscriptions,  vol.  xxiii»  p.  214. 
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the  cocoa-tree,  and  with  its  seeds  prepared  tablets  similar  to  the 
chocolate  of  modem  times ;  the  use  of  cocoa  appears  to  have 
been  introduced  after  the  conquest  into  the  other  parts  of  the 
continent ;  nevertheless  the  cocoa-tree  is  indigenous  in  the  hot 
and  humid  forests  of  South  America;  M.  Goudot  discovered 
several  species  in  New  Granada,  among  others,  that  which  is 
known  at  Muso  under  the  name  of  the  Cacao  montaraz ;  this 
cocoa-tree,  which  attains  a  height  of  from  25  to  30  feet,  yields 
a  considerable  quantity  of  fruit ;  the  natives  prepare  a  chocolate 
from  its  beans,  which  is  extremely  bitter,  and  which  they  regard 
as  an  excellent  febrifuge.  The  wild  Indians  still  appear  to  be 
Ignorant  of  the  profit  that  may  be  made  of  the  seeds  of  the 
ooooa-tree ;  they  only  eat  the  pulp  or  fruit  which  surrounds  them. 
Cocoa  was  introduced  into  Europe  by  the  Spaniards,  and  in  no 
long  space  of  time  this  production  of  the  New  World  became 
the  object  of  a  very  considerable  traffic. 

It  is  a  fact  weU  known  to  the  husbandmen  of  tropical  coun- 
tries that  a  virgin  soil  is  quite  indispensable  to  the  success  of  a 
cocoa  plantation ;  nothing  but  failure  has  followed  attempts  to 
replace  the  sugar  cane,  indigo,  maize,  &c.  with  cocoa,  a  plant  which 
to  succeed  requires  a  rich,  deep,  and  moist  soil,  heat  and  shade ; 
nothing  suits  it  better  than  a  forest  brake,  the  surface  of  which 
is  susceptible  of  irrigation. 

All  the  important  cocoa  plantations  which  I  visited  had  a 
common  physiognomy :  they  were  all  situated  in  the  hottest 
r^ons,  at  a  short  distance  fh)m  the  sea  near  torrents,  or  on  the 
banks  of  great  rivers.  The  cocoa  husbandry  ceases  to  be 
profitable  in  localities  which  have  not  a  mean  temperature  of  at 
least  24^  C.  (75.2®  Fahr.)  and  I  have  had  occasion  to  take  part 
in  attempts  that  were  as  fruitless  as  expensive  to  cultivate  the 
cocoa  tree  in  a  brake  where  the  heat  of  the  climate  from  my  own 
observations  did  not  exceed  22.8®  C.  (73®  Fahr.)  Under  the 
influence  of  this  temperature,  the  trees  presented  a  very  good 
appearance ;  in  the  course  of  a  few  years  they  flowered,  but  the 
fruit,  which  was  always  small,  rarely  came  to  maturity.  When 
a  piece  of  land  has  been  selected  for  a  cocoa  plantation,  they 
begin  by  establishing  a  good  system  of  shade.  Occasionally  a 
certain  number  of  trees,  with  large  and  leafy  crowns  are  left 
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standing ;  but  in  general  certain  plants,  which  grow  rapidly,  are 
had  recourse  to  as  a  means  of  procuring  shade.  In  the  neigh- 
bourhood of  Caracas  they  shade  with  the  erythrina  umbrosa  ; 
and  in  some  plantations  they  take  advantage  of  the  shade  of  the 
banana ;  finally  the  two  modes  of  procuring  shade  are  frequently 
conjoined. 

In  the  province  of  Guayaquil  they  plant  the  beans  of  the 
cocoa  directly.  In  Venezuela  they  prefer  raising  the  plant  in  a 
niu'sery,  which  is  always  selected  of  the  most  fertile  soil,  and 
deeply  trenched.  The  seeds  are  sown  immediately  before  the 
setting  in  of  the  rains,  and  germination  takes  place  in  from  eight 
to  ten  days.  In  a  good  soil,  at  two  years  of  age  the  cocoa  plant 
win  have  attained  a  height  of  nearly  3  feet ;  it  is  then  pruned 
by  having  two  of  its  upper  branches  removed,  and  is  trans- 
planted. In  the  upper  valley  of  the  Rio  Magdalena,  where 
there  are  many  valuable  cocoa  groves,  the  sowing  is  performed 
in  ground  well  prepared  and  protected  by  screens  made  with 
palm  leaves ;  here  the  young  cocoas  are  transplanted  when  they 
are  six  months  old.  During  the  whole  of  the  time  that  the 
plants  remain  in  this  nursery  they  continue  to  be  well  shaded ; 
and  they  are  watered  once  a  week  by  water  poured  upon  the 
screens. 

The  tree  sddom  comes  into  flower  under  thirty  months  old. 
I  have  known  planters  who  always  destroyed  these  first  flowers, 
and  who  never  suffered  any  fruit  to  ripen  before  the  fourth  year, 
and  that  too  under  the  most  favourable  circumstances  in  regard 
to  climate,  in  situations  where  the  mean  temperature  was  27.5* 
C.  between  81^  and  82^  Fahr.  In  less  favourable  situations  it 
is  necessary  to  wait  six  or  seven  years  before  gathering  the  first 
fiiiits  of  a  cocoa  plantation.  There  are  few  arborescent  plants 
which  have  so  small  a  flower,  and  especially  a  flower  so  dispro- 
portionate to  the  size  of  its  fruit  as  the  cocoa  tree.  The  diameter 
of  a  bud,  measured  at  the  moment  of  its  expansion,  does  not 
exceed  4  millemetres — 0.157  of  an  English  inch.  The  flowers 
appear  principally  upon  the  trunk  of  the  tree  itself;  they  rarely 
show  themselves  beyond  the  middle  of  the  larger  branches; 
occasionally  tHey  appear  upon  the  roots  which  happen  to  be 
above  the  ground. 
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To  receive  the  young  plants  grown  in  the  nursery,  the  ground 
properly  shaded  is  first  freed  from  weeds.  Trenches  are  then 
cut,  either  to  season  the  ground  or  to  irrigate  it  when  requisite. 
The  young  plants  are  set  in  rows  at  regular  and  considerable 
distances,  which  vary,  however,  with  the  quality  of  the  soil ;  and 
the  general  opinion  is,  that  the  better  the  soil  the  greater  should 
be  the  space  from  tree  to  tree.  Thus  in  the  vafley  of  del  Tuy, 
in  the  neighbourhood  of  Puerto  Cabello,  the  cocoa  trees  are  set  at 
the  distance  of  about  1 6  feet  apart  in  the  best  soils,  and  at  the 
distance  of  about  1 3  feet  only  in  soils  of  inferior  quality.  In  the 
windward  islands  where  the  soil  is  generally  less  fertile  than  on 
the  continent,  the  trees  stand  at  the  distance  of  from  6  or  7  to  9 
or  10  feet  apart.  A  reason  for  this  practice  may  be  readily 
assigned ;  in  the  more  fertile  soils  the  trees  grow  more  vigorously, 
the  branches  spread  farther,  and  consequently  require  a  larger 
space. 

Once  the  cocoa-tree  is  in  the  plantation,  it  is  regularly  pruned 
to  prevent  its  branches  becoming  too  numerous.  It  sometimes 
happens  that  the  branches  show  a  tendency  to  bend  down 
towards  the  ground,  in  which  case  they  are  fastened  up  around 
the  trunk,  imtil  they  acquire  strength  and  a  better  direction. 
The  soil  around  the  trunk  is  hoed  from  time  to  time  to  the 
detent  of  about  a  yard  in  circumference,  and  the  capiUary  roots, 
which  spring  from  the  base  c^  the  trunk,  are  removed  in  the 
course  of  the  operation. 

From  the  &11  of  the  flower  to  the  complete  ripeness  of  the 
fruit  there  elapses  an  interval  of  four  months.  The  fruit  is  c^  an 
elongated  form,  slightly  bent,  and  terminated  in  a  point,  its 
length  is  about  9  inches,  and  its  greatest  diameter,  which  is  near 
the  point  of  attachment,  is  from  6  to  7  inches.  Externally,  the 
cocoa-nut  pod  is  furrowed  longitudinally.  Its  colour  varies  from 
a  greenish  white  to  a  reddish  violet,  the  latter  being  the  more 
common  tint.  Internally  the  flesh  of  the  fruit  is  generally  white, 
although  it  has  sometimes  a  rose-colour ;  it  is  sweet  and  acid,  and 
of  a  very  agreeable  flavour.  The  seeds  are  generally  twenty-five  in 
number  in  each  fruit,  and  at  first  are  white ;  they  are  oleaginous 
and  slightly  bitter ;  in  drying  they  acquire  a  brown  tmt.  The 
fruit  is  known  to  be  ripe  by  its  colour,  and  particularly  by  the 
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ease  with  which  it  is  gathered  from  the  tree.  There  are  two  grand 
cocoa  harvests  in  the  course  of  the  year,  at  six  months'  interval ; 
still,  in  old  and  large  plantations  the  harvest  is  almost  incessant, 
as  it  is  not  imcomroon  to  observe,  on  the  same  cocoa  tree,  ripe 
fruits  and  fresh  flowers.  To  obtain  the  seeds  the  fruit  is  opened 
with  a  piece  of  wood,  having  a  rounded  extremity.  The  produce 
is  classed  according  to  its  quality,  care  being  taken  to  throw  out 
aU  the  beans  that  are  not  sufficiently  ripe  or  that  are  damaged ; 
they  are  then  exposed  in  the  sun.  Every  evening  the  day's 
gathering  is  collected  into  a  heap  under  a  shed,  and  a  brisk 
fermentation  is  soon  set  up  which  would  become  destructive 
were  it  suffered  to  continue.  Next  day  the  heap  is  scattered, 
and  the  drying  goes  on  in  the  sun,  several  days'  exposure  being 
required  before  the  drying  is  complete.  Occasionally  the  drying 
is  retarded  and  rendered  difficult  by  the  occurrence  of  rain,  and 
there  would  certainly  be  many  advantages  in  effecting  it  by  the 
stove.  It  has  been  found  that  lOOlbs.  of  fresh  beans  give  from 
45  to  50lbs.  of  dry  and  marketable  cocoa.  In  Venezuela,  a 
cocoa  tree  which  is  over  seven  or  eight  years  old,  will  yield 
annually  for  more  than  forty  years  over  l^lb.  (1.65lb.)  of  dry 
and  marketable  cocoa.  An  acre  of  ground,  which  in  good 
plantations  will  be  set  with  about  two  hundred  and  thirty-three 
trees,  produces  in  a  middling  year  about  383lbs.  weight. 
The  cocoa  tree  appears  to  yield  most  abundantly  when  it  is  about 
twelve  years  of  age,  and  its  produce  in  the  fertile  lands  of  Upper 
Magdalena,  according  to  M.  Goudot,  is  greatly  superior  to  what 
it  is  in  Venezuela.  At  Gigante,  for  example,  each  adult  tree 
yields  4.4lbs.  of  dry  cocoa  annually,  and  the  produce  of  an  acrt 
there  may  be  estimated  at  733lbs. 

Cocoa  beans  contain  albumen,  a  particular  principle,  theo* 
bromine,  analogous  to  coffeine,  a  colouring  matter  and  a  hrgp 
quantity  of  oil  or  fat,  which  from  experiments  made  in  my 
laboratory,  appears  to  amount  to  43  per  cent  The  presence  of 
a  large  quantity  of  albumen  and  fatty  matter  in  cocoa  explains 
its  highly  nutritious  qualities.  It  is  indeed  one  of  the  most 
wholesome  and  restorative  articles  of  sustenance  known.  Never- 
theless very  opposite  statements  have  been  made  upon  the 
virtues  of  cocoa  or  chocolate,  of  which  the  bean   forms  the 
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basis.  Benzoni,  in  his  History  of  the  New  World,  declared 
chocolate  to  be  a  drink  that  was  fitter  for  hogs  than  men  ;  and 
Father  Acosta  declares  the  taste  for  cocoa  to  be  unreasonable. 
On  the  other  hand,  Fernando  Cortez  and  one  of  his  gentlemen 
followers,  are  perhaps  guilty  of  exaggeration  when  they  say, 
**  that  he  who  has  taken  a  cup  of  chocolate  may  march  the  rest 
of  the  day  without  other  aliment  !*  Without  going  the  whole 
of  this  length  with  Cortes,  I  still  allow  that  chocolate  is  one  of 
the  best  articles  for  travelling  upon,  especially  in  the  uninhabited 
forests  of  South  America,  where  it  Is  a  matter  of  the  highest 
moment  to  have  the  bulk  and  the  weight  of  necessary  rations 
as  small  as  possible. 

Seed^  of  leguminous  plants.  The  leguminous  plants  that  are 
cultivated  as  food  for  man  are  beans,  peas,  haricots,  and  lentils  ; 
vetches  are  grown  exclusively  for  the  use  of  cattle. 

Leguminous  plants  scarcely  ever  open  rotations ;  but  they 
very  often  wind  them  up.  Speaking  generally,  however,  they 
may  follow  any  crop.  In  speaking  of  the  Indian  com,  I  have 
said  that  haricots  and  beans  might  be  advantageously  intercalated. 

The  meteorological  observations  I  have  made  in  different 
countries  lead  me  to  conclude  that  to  succeed,  leguminose  plants 
require  a  temperature  which  in  the  mean  does  not  J&Jl  below  from 
14^0  15^  C.(57^to  59^  F.)  Hot  climates  agree  with  them 
perfectly ;  I  have  followed  them  from  the  sea-board  of  the  equa^ 
torial  Andes  to  a  height  of  from  8200  to  9800  feet  above  the 
level  of  the  sea.  Schwertz  has  given  the  following  statement 
of  the  produce  of  the  different  leguminous  plants  generally  cul- 
tivated: 


PlmnU. 

Weight  per 
bashel  in  Ibi. 

1 

Produce  per  acre 
in  bnsoelB. 

Weight  of  dry  itraw 
1      or  httulm  per  acne. 

Haricots   . 

47.5 

66.7 

Tona     Cwta.     qra.     Iba. 

Beans 

65.5 

66.2 

2       2         2     17 

Peas 

57.9 

38.5 

2       4         2     11 

Lentils      • 

62.3 

39.8 

Vetches    . 

62.3 

41.2 

2       4         2     11 

The  analyses  we  have  of  leguminous  vegetables  show  the  fol- 
lowing proportion  of  elements : 

*  Humboldt,  Travels,  vol.  v.  p.  285. 
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Legumine  • 

Haricotf. 

Peas. 

LentUs. 

22.0 

20.4 

22.0 

Starch 

41.0 

47.0 

40.0 

Fatty  matters     . 

3.0 

2.0 

2.5 

Sugar  (glucose  ?) 

0.3 

2.0 

1.5 

(jum 

4.0 

5.0 

7.0 

Woody  fibre,  pectic  acid 

8.0 

11.0 

12.0 

Salts,  phosphates,  &c. 

3.2 

3.0 

2.5 

Water  and  loss  . 

17.5 

9.6 

12.5 

100.0 

100.0 

100.0 

Besides  these  principles  a  quantity  of  tannin  has  always  been 
found  in  the  skin  of  tho  seed  of  all  leguminous  plants. 

The  Hop  {Hamulus  lupulus).  From  its  very  general 
use  in  making  beer,  the  hop  has  become  an  object  of  great 
importance,  both  in  an  agricultural  and  commercial  point  of 
view. 

The  hop  may  be  cultivated  in  any  soil  that  is  of  sufficient 
depth  and  fertility;  it  thrives  especially  in  rich  and  turfy 
loams,  such  as  those  of  Haguenau,  where  there  are  many  beauti- 
ful hop  gardens.  The  plant  is  propagated  in  the  spring  by  setting 
the  sprouts  or  radicular  buds  in  ground  trenched  to  the  depth  of 
18  inches  at  least,  at  intervals  of  about  a  couple  of  yards  fit)m 
one  another.  Within  a  few  weeks  the  young  hop  plant  is  grow- 
ing lustily;  and  as  it  is  a  climber  it  is  trained  upon  a  pole  of  from 
1 2  to  20  feet  in  height.  The  ground  is  usually  hoed  towards 
the  end  of  June.  The  first  crop  from  a  new  plantation  is  always 
trifling  in  amount ;  the  ground  is  then  manured.  The  foDowing 
spring  all  the  eyes  or  buds  that  have  become  developed  near  the 
root  are  removed,  except  six  or  seven,  which  are  left  to  shoot. 
The  hop  harvest  generally  occurs  about  the  middle  of 
September:  the  poles  are  pulled  up,  the  stems  are  cut,  and 
the  strobiles  are  picked  off  into  baskets  by  hand,  and  immedi- 
ately carried  to  the  stove  or  kiln,  where  they  are  dried  with 
a  very  gentle  heat,  in  order  not  to  dissipate  their  fine  aromatic 
particles. 

A  hop  garden  produces  very  variously  in  different  countries 
and  districts,  and  in  different  years.  The  produce  of  an  acre  in 
hops  has  been  stated  to  be : 
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In  Flanders 13  cwt. 

Germany  (mean  of  10  years)  .         .         10 

France  (near  Paris)       .         .         .         .         10 

,,      (Roville  mean  of  10  years)  .  '^i  *» 

[England  from  9  to  10,  and  from  12  to  14  cwt.] 

The  strobiles  of  the  hop  are  covered  with  a  yellow  pulverulent 
substance,  which  has  been  held  to  furnish  in  principal  part  the 
extractive  matter  that  is  so  valuable  in  brewing.  To  procure 
this  substance  it  is  enough  to  sift  a  quantity  of  hops  after  they 
have  been  dried  by  a  gentle  heat.  This  yellow  powder,  which 
appears  to  be  the  useful  principle  in  the  hop,  and  consequently 
gives  it  its  value,  is  not  found  in  the  same  proportion  in  the  pro- 
duce of  all  hop  gardens.  This  clearly  appears  from  the  in- 
quiries of  Messrs.  Payen  and  Chevalier.  They  found,  for  ex- 
ample, that  whilst  100  parts  of  the  hops  of  Belgium  contained 
1 8  of  yellow  substance  and  70  of  mere  leaf,  those  of  England 
contained  no  more  than  10  of  yellow  matter  and  87  of  leaf,  and 
those  of  Germany  the  still  smaller  quantity  of  8  of  yellow  mat- 
ter to  88  of  leaf.  This  yellow  pulverulent  matter  contains  wax, 
resin,  gum,  a  bitter  principle,  certain  azotised  principles,  a  volatile 
oil,  and  salts,  among  others  acetate  of  ammonia. 

FLESHY    OR    PULPY    FRUITS. 

The  fleshy  fruits  almost  all  contain  the  same  principles,  but  in 
very  different  proportions.  It  is  consequently  the  predominating 
principle  which  in  some  sort  characterizes  each  variety,  that 
gives  it  its  flavour,  odour,  &c. :  sugar,  albumen,  gimi,  starch, 
acids,  flxed  oils,  essential  oils,  woody  fibre,  are  almost  invariably 
found  secreted  in  their  pulps  with  a  larger  or  smaller  quantity  of 
water.  An  ingenious  classification  of  finits  has  been  formed  on 
the  basis  of  the  predominance  of  the  different  substances  which 
have  just  been  enumerated  :  thus  those  firuits  in  which  the 
starchy  principle  predominates  are  feculent  or  amylaceous  fruits ; 
those  in  which  the  sugar  predominates  are  saccharine  fruits,  and 
so  on. 

M.  B^rard  has  analysed  a  great  number  of  fruits  in  the  course 
of  his  researches  on  their  ripening.*  It  is  proper  to  say,  how- 
ever, that  some  of  the  principles  brought  to  light  by   modern 

*  Ann.  de  Chimie,  t.  xvi.  p.  225,  2nd.  series. 
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analysis  do  not  figure  in  M.  B^rard's  list  of  elements ;  among 
the  number  pectic  acid,  gallic  acid,  small  quantities  of  volatile 
oils,  and  of  salts  of  potash  formed  by  vegetable  acids. 


Albumen  and  gluten 

Colouring  matter 

Vegetable  tissue 

GKim 

Sugar     . 

Midic  acid 

Citric  acid 

Lime 

Water    . 


8 

•c 


i 

I 


0.2 
0.1 
1.9 
5.1 
16.5 
1.80 


»» 


74.4 


0.9 

1.2 

4.9 

11.6 

1.1 

0.1 
80.2 


100.00    100.0 


0.9 

8.0 
0.8 
6.0 
2.4 
0.3 
0.3 
81.3 


0.6 

1.1 

3.2 

18.1 

2.0 

0.1 
74.9 


100.0  100.0 


I 


0.3 
0.1 
1.1 
2.1 
24.8 
0.6 


71.0 


100.0 


0.2 

2.2 

2.1 

11.5 

0.1 

»* 

83.9 


100.0 


Banana.  Of  all  the  pulpy  fruits,  the  banana  is  that  perhaps 
which  is  most  extensively  used  as  food  by  man.  It  is  the  usual 
nourishment  of  the  inhabitants  of  most  of  the  countries  between 
the  tropics,  where  its  cultivation  is  as  important  as  that  of  the 
cereals  and  farinaceous  roots  in  the  temperate  zone.  The  ease 
with  which  it  is  cultivated,  the  small  space  of  ground  it  occupies, 
the  certainty,  the  abundance,  and  the  continuance  of  its  produce, 
the  diversity  of  food  it  yields  according  to  the  degree  of  maturity, 
make  the  banana  an  object  of  admiration  with  the  European  tra- 
veller. In  climates  where  man  scarcely  feels  the  necessity  of  clothing 
himself,  or  of  raising  a  shed  for  his  protection,  he  is  seen  gathering 
almost  without  labour  supplies  of  food  as  abundant  as  they  are 
wholesome  and  varied  from  the  banana  tree.  It  is  the  banana 
which  has  given  rise  to  that  proverb  so  consoling  and  so  true, 
which  is  frequently  heard  between  the  tropics,  viz :  "No  one  dies 
of  hunger  in  America ;"  he  who  is  hungry  will  be  welcomed  and 
fed  in  the  very  poorest  cabin.  Botanists  distinguish  three  prin- 
cipal varieties  of  the  banana :  1  st.  the  Musa  paradisica ;  2nd. 
the  Musa  sapientium ;  3rd.  the  Musa  regia. 

The  American  origin  of  the  banana  has  been  called  in  ques- 
tion. Oviedo  in  his  natural  history  of  the  Indies  affirms  that  it 
was  brought  from  the  Canary  Isles  to  St.  Domingo  by  a  monk. 
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Foster  adopted  this  opinion,  which  is  corroborated,  says  M.  de 
Humboldt,  by  the  complete  silence  of  the  first  travellers  who 
visited  the  New  World  in  regard  to  it.  Nevertheless,  the  testimony 
of  the  Inca  Garcilasso  de  la  Vega  proves  obviously  that  the 
banana  flourished  in  America  before  the  arrival  of  the  Spaniards  ; 
in  his  royal  commentaries  he  speaks  of  the  banana  as  constitut- 
ing the  chief  food  of  the  Indians  in  the  warmest  parts  of  Peru. 

The  banana  is  every  where  cultivated  in  the  neighbourhood  of 
the  equator  in  situations  at  no  great  height  above  the  level  of  the 
sea.  The  cultivation  is  most  profitable,  the  crop  is  most  abun- 
dant, and  attains  maturity  in  the  shortest  space  of  time  in  low 
lying  districts  where  the  mean  temperature  is  fi-om  24*^  to  27.5^ 
C.  (75.5^  to  82^  F.)  Some  estimate  may  be  formed  of  this 
from  the  low  price  of  the  banana  in  such  districts ;  upon  the  bor- 
ders of  the  great  river  de  la  Magdalena,  I  gave  one  franc  or  about 
lOd.  for  about  2201bs.  weight  of  the  fruit.  The  days'  wages  of 
a  man  being  generally  about  Is.  8d.,  it  is  beyond  all  doubt  the 
cheapest  food  that  can  be  had  in  the  world. 

Id  looking  at  the  cultivation  of  the  banana  at  different  heights 
in  the  equatorial  Cordilleras,  I  arrived  at  the  following  conclusions: 

Temperature  2S®  C.  (between  82®  and  83®  F.)  the  cultivation 
extremely  advantageous;  at  24®  C.  (between  75®  and  76®  F.) 
tiie  cultivation  advantageous;  at  22®  C  (71®  and  72®  F.)  the  cul- 
tivation middling;  at  19®  C.  (or  between  66®  and  67®  F.)  the 
cultivation  disadvantageous. 

The  banana  is  propagated  by  means  of  suckers  or  oflfsets.  It  re- 
quires a  rich  and  humid  but  weD  drained  soil,  the  plantation  being 
arranged  a  little  before  the  setting  in  of  the  rains.  The  earth  is 
freed  from  weeds  and  dug  either  entirely  or  more  generally  only 
^t  regular  distances  here  and  there,  where  it  is  proposed  to  set 
the  new  plant,  a  space  of  6  feet  at  least  being  left  between  each. 
The  plant  throws  up  several  shoots,  generally  6  or  7,  each  of 
which  will  be  allowed  to  grow  and  to  carry  finit;  when  a  greater 
number  make  their  appearance  some  of  them  are  cut  away.  The 
time  which  passes  between  planting  the  slip  and  gathering  the 
fruit  varies  according  to  the  situation ;  in  the  hottest  districts 
near  the  level  of  the  sea  the  banana  comes  into  flower  about  nine 
months  after  it  has  been  planted ;  and  in  three  months  more  the 
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fruit  has  formed  and  become  ripe.  In  cold  situations  an  interval 
of  four  months  will  elapse  between  the  flowering  and  the  ripen- 
ing of  the  fruit.  The  care  required  by  a  banana  plantation  is 
not  very  great,  the  principal  duty  being  to  hoe  around  the  yoimg 
plants.  As  the  banana  is  renewed  by  stems  which  arise  continu- 
ally from  the  neck  of  the  root,  it  is  easily  understood  that  the 
plant  will  go  on  yielding  fruit  for  an  indefinite  length  of  time ; 
when  the  fructification  is  complete  in  one  stem,  the  leaves,  &c. 
wither  and  fall,  and  give  place  to  a  new  stem.  It  is  thus  that 
the  gatherings  from  the  banana  go  on  successively  at  short  inter- 
vals, and  that  the  same  plant  presents  at  one  and  the  same  mo- 
ment fruit  that  is  ripe,  fiiiit  that  is  half  ripe,  finit  that  is  be- 
ginning to  be  formed,  flowers,  and  finally  young  stems,  which 
are  rising  as  preparations  for  the  future.  Thus  no  crop  is 
more  assuring  to  the  planter  than  the  banana.  Climatic  circum- 
stances may  sometimes  delay,  but  can  never  destroy  the  hopes  of 
the  husbandman.  The  extraordinary  droughts  which  under  the 
burning  climates  of  the  equator  so  frequently  interrupt  or  destroy 
ordinary  herbaceous  plants,  rarely  exert  any  pernicious  influence 
upon  the  banana  plantation,  the  thick  shade  of  which  presents  a 
constant  obstacle  to  the  evaporation  of  moisture.  During  the 
dry  season  when  for  whole  months  the  Heavens  preserve  their 
purity,  and  no  drop  of  rain  falls  to  refresh  the  earth,  the  soil 
which  surrounds  the  banana  still  continues  moist.  It  looks  every 
morning  as  if  it  had  been  watered  during  the  night ;  this  salu* 
tary  effect  is  produced  by  the  nocturnal  radiation  of  the  leaves 
into  the  dear  sky.  These  leaves,  whose  extent  of  surface  is 
considerable,  always  fall  several  degrees  below  the  temperature  of 
the  surrounding  air,  and  thus  condense  the  watery  vapour  con- 
tained in  the  atmosphere,  which  drips  down  to  the  foot  of  the 
plant. 

The  produce  of  a  banana  plantation  depends  first  upon  the 
distance  at  which  the  bananas  are  placed,  and  next  upon  the 
climate.  It  is  generally  estimated  in  the  very  warm  climates, 
that  a  crop  of  bananas  will  weigh  about  44lbs.,  and  that  from 
an  adult  plant  three  crops  will  be  obtained  in  the  course  of  a 
year.  In  temperate  countries,  and  towards  the  superior  limits  of 
the  banana  plant,  they  do  not  reckon  on  more  than  two  crops. 
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According  to  M.  de  Humboldt,  the  produce  per  acre,  in  hot 
countries  where  the  mean  temperature  is  about  82^  Fahr., 
will  amount  to  75  tons,  8  cwt.  1  qr.  17  lbs.;  at  Cauca, 
wh^^  the  temperature  is  about  79^  Fahr.  the  produce  amoimts 
to  61  tons,  8  cwt.  0  qr.  2  lbs. ;  at  Ibagu^  where  the  tem- 
perature is  not  higher  than  about  72^  the  produce  according 
to  M.  Goudot's  estimate  is  26  tons,  17  cwt.  3  qrs.  2  lbs.  The 
pulp  of  the  banana  is  surrounded  by  a  pod  or  husk  of  some 
thickness,  which  is  easily  detached,  and  of  which  account  must 
be  taken  if  we  would  estimate  the  actual  weight  of  the  truly 
alimentary  matter  afforded.  In  a  general  way,  and  when  the 
banana  is  ripe,  the  shell  may  be  estimated  at  about  36.8,  the 
edible  banana  at  73.2  per  cent. 

The  Musa  paradisica  is  the  variety  of  banana  generally  cul- 
tivated, and  it  also  yields  the  heaviest  crops.  The  fruit  of  the 
other  two  varieties  mentioned  is  much  smaller ;  but  it  is  of  a 
much  more  delicate  flavour.  The  ripe  fruit  of  the  banana  is  of 
the  consistence  of  a  pear,  it  is  very  sweet  and  slightly  acid.  In 
the  common  variety,  I  found  crystallizable  sugar,  gum,  an  acid 
(probably  the  malic),  gallic  acid,  albiunen,  pectic  acid,  woody  fibre, 
and  alkaline  and  earthy  salts.  Dried  in  the  sim,  1000  parts  of 
ripe  banana  were  reduced  to  439  parts;  so  that  they  contained 
661  parts  of  water.  The  green  or  unripe  banana  has  a  white  and 
almost  insipid  fiesh ;  in  this  state  it  scarcely  contains  any  sugar ;  it 
is  starch  that  predominates ;  in  this  state,  therefore,  it  is  made  a 
substitute  for  bread,  for  the  potato,  or  Indian  com ;  it  may  be 
considered  a  farinaceous  vegetable.  After  having  removed  the 
rind,  the  banana  is  dressed  by  being  roasted  under  the  ashes  un^ 
til  the  outer  part  is  slightly  brown,  it  is  then  served  up  at  table 
and  constitutes  a  kind  of  sofl  bread,  very  agreeable  to  the 
palate,  and  greatly  preferable,  in  my  opinion,  to  the  produce  so 
much  vaunted  of  the  bread-fruit  tree.  In  the  expeditions  which 
are  imdertaken  into  the  forest,  and  when  the  habitations  of  man 
are  to  be  quitted  for  some  considerable  time,  the  green  banana 
is  always  made  a  principal  part  of  the  provision ;  but  then  it 
is  previously  dried,  first  to  lessen  its  weight,  and  then  to  destroy 
its  vitality  so  far  as  to  prevent  it  ripening ;  this  drying  is  per- 
formed in  a  baker's  oven,  into  which  the  green  bananas,  stripped 
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of  their  husks,  are  introduced,  and  where  they  are  kept  for 
about  eight  hours ;  on  being  taken  out,  the  bananas  are  hard, 
brittle,  translucent,  and  present  the  appearance  of  horn; 
100  lbs.  of  the  green  fruit  give  but  40  of  dry  substance.  The 
banana  thus  prepared  is  caUed  fifi^  and  will  keep  for  a  great 
length  of  time  without  change ;  to  prepare  it  for  food,  it  is  put 
to  steep  in  water,  and  then  boiled ;  by  adding  a  little  salted  meat, 
a  very  substantial  and  nutritious  meal  is  prepared.  I  once  made 
a  voyage  on  the  Pacific,  in  a  vessel  which  was  principally  victualled 
with  dried  bananas,  which  were  served  out  to  the  company  like 
biscuit. 

When  ripe,  the  banana  is  no  longer  farinaceous ;  as  it  ripens, 
its  starch  is  changed  into  gum  and  sugar,  and  an  acid  is  deve- 
loped. But  between  the  farinaceous  and  the  sugary  or  perfectly 
ripe  state,  there  is  one  intermediate  in  which  it  is  generally 
eaten.  Roasted  in  the  ashes,  the  banana  has  then  a  taste  which 
brings  to  mind  that  of  the  chesnut ;  it  is  also  eaten  as  a  vege- 
table boiled  in  the  usual  way  in  water.  Completely  ripe,  the 
fruit  is  eaten  raw  or  dressed,  it  is  then  extremely  sweet ;  a  very 
common  practice  is  to  fiy  it,  cut  in  slices,  in  grease. 

I  have  no  data  upon  which  to  estimate  the  nutritive  value  of 
the  banana,  still  I  have  reasons  for  believing  that  it  is  more  nu- 
tritious than  the  potato.  I  have  seen  men  do  a  great  deal  of 
hard  labour  upon  an  allowance  of  about  6^  pounds  of  half- 
ripe  bananas,  and  two  ounces  of  salted  meat  per  diem. 
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CHAPTER  III. 

OV   TBB    SACCHARINE    VRUITS,    JUICES,    AND    INFUSIONS    USED    IN   THE    PRE« 
FARATION    OF   FERMENTED    AND    SPIRITUOUS    LIQUORS. 

The  juice  of  all  the  sweet  fruits  when  expressed  and  left  to 
itself  under  the  influence  of  a  suitable  temperature,  presents  the 
remarkable  phenomenon  of  fermentation,  in  the  course  of  which 
the  sugar  disappears  completely,  and  is  replaced  by  alcohol,  the 
change  from  first  to  last  being  accompanied  by  the  disengage 
ment  of  carbonic  acid  gas. 

Sugar  alone  does  not  suffice  to  cause  the  vegetable  juices, 
which  contain  it,  to  ferment :  for  example,  a  solution  of  pure 
sugar  in  distilled  water  will  remain  for  a  very  great  length  of 
time  without  suffering  the  least  change ;  exposed  to  the  open 
air  it  would  evaporate,  and  the  saccharine  matter  would  be  found 
in  the  same  state  as  it  was  before  solution.  If  however  a  small 
quantity  of  that  azotised  principle  which  we  have  called  albu- 
men, gluten,  &c.  be  introduced  into  the  solution,  fermentation 
will  speedily  be  set  up,  and  will  run  through  its  usual  course ; 
it  would  therefore  appear  to  be  upon  this  principle  that  the 
commencement  and  continuance  of  fermentation  depends.  Fer- 
mentation is  not  set  up  immediately  in  the  juice  of  fruits ;  a 
certain  time  longer  or  shorter  always  elapses  before  it  is  mani- 
fested ; '  the  reason  of  this  is,  that  the  albumen  or  gluten  which 
always  enters  into  the  constitution  of  these  juices,  must  itself 
have  imdergone  a  certain  change  in  order  to  act  as  a  ferment. 
The  proof  of  this  is  comprised  in  the  fact  that  all  vinous  liquors 
contain  a  very  small  but  constant  quantity  of  carbonate  of  am- 
monia, as  was  shown  by  M.  Doebereiner.  These  azotised  prin- 
ciples which,  in  the  fresh  state  remain  without  action  upon  sweet 
juices,  act  immediately  as  powerful  ferments  when  they  are  em- 
ployed after  having  been  exposed  for  some  days  to  the  contact 
of  air  and  moisture ;  after,  in  a  word,  they  have  themselves 
begun  to  suffer  change.  The  quantity  of  ferment  used  up  or 
consumed  in  exciting  and  maintaining  the  fermentation  of  sac- 
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charine  juices  is  so  small,  that  we  are  led  to  believe  that  it  really 
acts  by  its  presence  or  contact  alone.  This  view  appears  the 
more  likely,  when  we  know  that,  after  having  added  an  azotised 
substance  to  induce  fermentation  rapidly  in  a  liquid  which,  be- 
sides sugar,  contains  albumen,  we  find  from  six  to  eight  times 
the  quantity  of  ferment  after  the  phenomena  have  ceased,  which 
had  been  added  in  the  first  instance ;  that  is  to  say,  we  find  the 
whole,  or  almost  the  whole,  of  the  original  ferment,  and,  in  ad- 
dition, that  which  has  been  produced  by  the  azotised  principles 
pre-existing  in  the  matter  subjected  to  fermentation ;  this  &ct 
is  seen  every  day  in  the  process  of  making  beer. 

The  ferment  or  yeast  thus  produced  is  but  little  soluble  in 
water,  and  in  composition  bears  a  remarkable  affinity  to  the 
azotised  matters  from  which  it  is  derived;  M.  Dumas  has  in 
fact  found  it  to  be  composed  of  : 


Carbon             .         .         .  50.6 

Hydrogen        •         .         .  7.3 

Azote     ....  15.0 
Oxygen        1 

Sulphur        V           .         .  27.1 
Phosphorus  J 


100.0 

Under  the  influence  of  ferment,  sugar  becomes  entirely  changed 
into  alcohol  and  carbonic  acid.  The  composition  of  grape* 
sugar — which  appears  to  be  the  only  one  that  is  susceptible  of 
fermentation,  for  cane-sugar  before  undergoing  this  process 
passes  into  the  state  of  grape-sugar,  as  was  demonstrated  by 
M.  Henry  Rose — the  composition  of  grape-sugar  is  as  follows : 

Carbon    .         .         .         36.4 
Hydrogen         .         .  7.0 

Oxygen   .         •         .         56.6 

100.0 

and  the  constitution  of  the  substances  which  are  produced  in 
«the  process  of  fermentation,  viz.  alcohol  and  carbonic  acid  being 
as  under : 


Carbon . 

Hydrogen 

Oxygen 

Anhydroui  alcohol.  Carbonic  acid. 

.     52.19             27.27 
.     13.02                „ 
.     34.79             72.73 

Water. 

11.1 
88.9 

100.0  100.0  100.0 


250  CYDER   AND    PERRY. 

It  appears  that  the  composition  of  100  parts  of  grape-sugar  may 
be  expressed  by : 


Alcohol 
Carbonic  acid 
Water 

\y«ruvu. 

.     46  16  containing  24.24 
.     44.45          „          11.12 

•             S7.Ulf                   tf                          ft 

njrurwgvu. 

6.05 

ft 
1.01 

16.17 

32.33 

8.08 

100.00  36.36  7.06  58.58 

by  which  it  would  appear  that  during  the  transformation  of  hy- 
drated  grape  sugar  into  alcohol  and  carbonic  acid^  the  combined 
water  is  set  at  liberty. 

The  first  fermented  vegetable  juice  of  which  I  shall  speak 
is  cane-mney  or  gitarapo  of  the  South  Americans,  a  drink  which 
is  in  common  use  wherever  the  sugar-cane  is  cultivated.  It  is 
prepared  from  the  juice  of  the  sugar-cane  suffered  to  run  into 
fermentation. 

The  chicha  of  South  America  is  a  fermented  liquor  prepared 
from  Indian  corn,  and  constitutes  the  wine  of  the  Cordilleras. 
The  grain  is  steeped  for  six  or  eight  hours  in  water,  bruised 
upon  a  stone  and  boiled ;  the  pulp  which  results  is  then  diffiised 
through  4^  times  its  volume  of  water,  and  the  temperature 
being  from  60**  to  65**  F.  a  violent  fermentation  is  soon  set  up 
in  the  fluid  which  begins  to  subside  after  a  period  of  twenty-four 
hours,  when  the  chicha  is  potable,  and  now  constitutes  a  liquor 
of  an  agreeable  and  decidedly  vinous  flavour,  in  high  repute  with 
those  who  have  acquired  a  taste  for  it,  although  its  muddy  ap- 
pearance and  the  sediment  which  it  always  lets  fall  in  the  vessel 
into  which  it  is  received,  render  it  somewhat  impleasant  at  first 
to  European  eyes.  The  Indians,  how^ever,  always  drink  it  in  the 
muddy  state,  and  even  shake  the  cask  before  turning  the  tap. 
The  truth  is,  that  chicha  is  at  once  a  drink  and  a  very  nutritious 
food. 

Quarazo  is  another  vinous  liquor  which  the  Indians  prepare 
with  rice  much  in  the  same  manner  as  they  proceed  with  Indian 
corn. 

Cyder  and  Perry.  In  countries  where  the  vine  is  not  culti- 
vated, a  substitute  for  wine  is  found  in  the  fermented  juice  of  a 
variety  of  sweet  pidpy  fruits,  more  particularly  of  apples  and 
pears.     Of  the  numerous  varieties  of  apples  which  are  grown  in 
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cyder  countries,  the  preference  is  generally  given  to  one  which 
has  a  rough  and  somewhat  bitter  taste.  The  fruit  is  gathered 
by  shaking  or  beating  the  trees,  and  the  few  that  remain  are 
taken  off  by  the  hand;  the  fruit  is  piled  up  in  large  backs 
placed  in  cellars.  It  is  crushed  about  two  months  after  it  is 
gathered,  and  the  pulp  is  left  for  ten  or  twelve  hours  to  macerate 
in  the  juice  in  order  to  give  the  rusty  or  yellow  colour  which  is 
esteemed  in  cyder.  The  pulp  is  pressed  and  the  juice  is  run  into 
large  vats  or  tuns  in  which  it  undergoes  fermentation,  which 
having  gone  on  for  about  a  month,  the  temperature  being  from 
5  5^  to  5  8^  F.,  the  liquor  is  racked  off  into  smaller  vessels,  in  which 
the  fermentation  goes  on  slowly,  and  the  cyder  is  preserved. 
The  fermentation  of  cyder  is,  or  always  ought  to  be  dow ;  still 
with  time,  the  whole  of  the  sugar  is  transformed  into  alcohol,  if 
the  process  be  not  interfered  with. 

fVtne.  Grape-juice  contains,  1  st.  grape-sugar ;  2nd.  albumen 
and  gluten ;  3rd.  pectine ;  4th.  a  gummy  matter ;  5th.  a  colour- 
ing matter ;  6th.  tannin  ;  7th.  bitartrate  of  potash ;  8th.  a  fra- 
grant volatile  oil,  or  cream  of  tartar ;  9  th.  water.  It  is  obvious, 
therefore,  that  grape-juice  contains  within  itself  the  elements 
necessary  for  the  production  of  the  vinous  fermentation.  The 
relative  proportions  of  these  different  elements,  however,  are 
singularly  modified  according  to  the  nature  of  the  vine,  the 
qusdity  of  the  soil,  and  especially  the  heat  of  the  climate.  There 
are  indeed  few  crops  that  are  so  much  at  the  mercy  of  the 
atmosphere  as  that  of  the  vine ;  even  in  the  vineyards  that  are 
most  favourably  situated,  it  is  rare  that  wines  of  equal  quality 
and  flavour  are  produced  in  two  consecutive  years ;  and  in  dis- 
tricts upon  the  verge  of  the  productive  limits  of  the  vine,  under 
what  may  be  called  extreme  climates,  where  the  vine  only  exists 
in  virtue  of  hot  summers,  its  produce  is  still  more  variable,  more 
inconstant.  The  limits  to  the  culture  of  the  vine  in  Europe 
are  generally  fixed  where  the  mean  temperature  is  from  10^  to 
11^  C.  (50®  to  52®  F.) ;  under  a  colder  climate  no  drinkable 
wine  is  produced.  To  this  meteorological  datum  must  be 
added  the  farther  fact  that  the  mean  heat  of  the  cyde  of  vege- 
tation of  the  vine  must  be  at  least  15®  C.  (59®  F.)  and  that  of 
the  summer  from   18®  to  19®  C.  (from  65®  to  67®  F.)     Any 
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country  which  has  not  these  climatic  conditions  cannot  have 
other  than  indifferent  vineyards,  even  when  its  mean  annual 
temperature  is  above  what  I  have  indicated.  It  is  impossible, 
for  instance,  to  cultivate  the  vine  upon  the  temperate  table-lands 
of  South  America,  where  they  nevertheless  enjoy  a  mean  tempe- 
rature of  from  17®  to  19®  C.  (about  62.6®  to  66.2®  F.),  because 
that  which  characterises  the  climate  of  these  elevated  equinoxial 
countries  is  the  constancy  of  the  temperature ;  the  vine  grows, 
flourishes,  but  the  grapes  never  become  thoroughly  ripe.  In 
these  equatorial  coiutrics  good  wine  cannot  be  made  where  the 
constant  temperature  is  not  at  least  20®  C.  (or  68®  F.) 

In  France  the  vine  begins  to  sprout  towards  the  end  of  March, 
and  the  vintage  generally  occurs  in  the  course  of  October.  As 
the  quality  of  wine  depends  mainly  on  the  ripeness  of  the  grapes, 
of  course  the  vintage  does  not  take  place  until  this  is  complete, 
or  \mtil  there  is  no  longer  any  prospect  of  improvement. 

The  must  of  the  grape  is  procured  by  treading  and  pressing 
the  fruit ;  the  jiiice  is  run  into  vats,  and  the  fermentation  takes 
place  in  cellars ;  different  procedures,  however,  are  followed  in 
different  places.  The  fermentation  having  subsided  in  the 
larger  vessels,  the  wine  is  drawn  off  into  smaller  casks,  which 
are  carefully  Med  up  from  time  to  time>  and  in  which  it  is  pre- 
served. 

Wine  may  be  defective,  especially  by  wanting  strength  and 
being  too  acid.  Sharp  wine  contains  an  excess  of  cream  of 
tartar  and  free  vegetable  acids,  and  is  always  the  produce  of 
grapes  which  have  not  been  completely  ripe.  The  deficiency  of 
strength  is  due  to  the  same  cause ;  for  it  is  well  known  that  as 
the  grape  ripens  its  acids  disappear  and  are  replaced  by  sugar. 
This  deficiency  of  saccharine  matter  in  the  must,  is  now 
habitually  supplied  by  the  addition  of  a  quantity  of  artificial 
grape-sugar,  prepared  from  starch.  In  warm  countries,  where 
the  grape  always  ripens,  the  quantity  of  tartar  is  small,  the  sugar 
then  predominates  greatly,  sometimes  to  such  an  extent  that 
the  azotised  substance  of  the  must  is  insufficient  as  a  ferment, 
and  it  is  then  that  we  have  wines  of  too  sweet  a  flavour,  such  as 
those  of  Lunel  and  of  Frontignac.  When  these  musts,  which 
are  so  rich  in  sugar,  contain  the  proper  quantity  of  ferment  they 
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produce  very  strong  wines,  in  which,  of  course,  the  sweet  flavour 
no  longer  predominates ;  such  are  the  dry  wines  of  southern 
vineyards,  of  which  that  of  Madeira  may  be  taken  as  the  type. 
There  are  some  wines  which  participate  at  once  in  the  properties 
that  distinguish  the  two  varieties  that  I  have  mentioned,  or  that 
show  one  of  them  in  excess  according  to  circumstances  ;  such  are 
the  wines  of  Xeres,  Alicant,  Malaga,  &c.  Some  of  these  wines  are 
what  are  called  boiled  wines,  that  is  to  say,  a  portion  of  the  must 
as  it  flows  from  the  press,  is  concentrated  to  a  fourth  or  a  fifth 
of  its  original  bulk  by  boiling,  and  this  being  added  to  the  rest, 
the  strength  of  the  resulting  wine  is  increased.  Sometimes  the 
concentration  of  the  juice  is  eflpected  by  drying  the  grapes  partially. 
It  is  in  this  way  that  the  celebrated  Hungarian  wine,  called 
Tokay,  is  prepared ;  the  clusters  are  left  upon  the  vines  after  they 
are  ripe,  and  alternately  exposed  to  the  cold  of  the  night,  which 
probably  decomposes  to  a  certain  extent  the  texture  of  the  grapes, 
and  to  the  heat  of  the  sun,  they  shrivel  and  become  partially  dry. 
In  this  state  the  grapes  are  subjected  to  pressure,  and  a  very 
sweet  must,  as  may  be  conceived,  flows  from  them.  In  less 
favourable  climates,  where  the  rains  of  autumn  prevent  the 
drying  of  the  clusters  upon  the  vine  stocks,  the  same  thing  is 
effected  by  laying  the  bunches  upon  straw  in  open  or  well-aired 
granaries  or  sheds.  It  is  with  the  must  procured  from  grapes 
so  treated,  that  the  sweet  and  ofl«n  strong  wines,  which  are 
called  vins  depaille,  or  straw  wines,  are  obtained.  Wines  when 
stored  in  the  cask,  always  deposit  with  time  a  copious  sediment, 
the  lees.  This  sediment,  in  which  tartar  predominates,  appears 
to  be  the  consequence  of  an  increase  in  the  proportion  of 
alcohol  in  the  liquor.  The  alcohol  may  increase  from  two 
causes  :  first,  by  the  fermentation  which,  though  nearly  insensible, 
goes  on  in  most  wines  so  long  as  there  is  any  sugar  left  un- 
changed ;  and  next  from  mere  keeping.  It  is  well  known,  in 
fact,  that  wine  put  into  the  best  casks,  and  kept  in  a  well-venti- 
lated cellar,  loses  a  very  perceptible  quantity  by  evaporation; 
it  is  found  necessary  to  fill  up  the  casks  from  time  to  time ; 
the  loss  has  taken  place  through  the  pores  of  the  wood,  in 
virtue  of  an  attraction  exerted  between  the  substance  of  the 
wood  and  the  included  liquid ;  and  as  this  attraction  is  much 
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greater  between  the  organic  matter  and  water  than  between 
organic  fibre  and  alcohol,  it  is  easy  to  conceive  how  wine  kept  in 
wood  should  improve.  The  very  same  thing,  in  fact,  appears  to  go 
on  in  regard  to  wine  in  corked  bottles :  the  cork  does  not  oppose 
all  evaporation,  and  it  seems  probable  that  it  is  not  merely  upon 
some  new  and  little  known  change  of  a  chemical  nature  in  the 
constitution  of  the  wine  that  its  improvement  and  mellowing  in 
bottle  depend,  but  also  upon  the  loss  of  a  certain  quantity  of 
its  water  through  the  pores  of  the  cork. 

Throwing  quality,  flavoiu',  &c.  out  of  the  question,  it  is  well 
known  that  a  vineyard,  cultivated  in  the  same  way  year  after 
year,  receiving  the  same  quantity  of  the  same  kind  of  manure, 
c£  which  the  vintage  is  managed  in  the  same  manner,  the  wine 
made  by  the  same  method,  &c.  yields  a  produce  which  differs 
greatly  in  regard  to  the  quantity  of  alcohol  it  contains  in  different 
years.  The  vineyard  of  Schmalzberg,  for  example,  near  Lamperts- 
loch,  which  has  been  under  my  management  for  several  years, 
yields  wines  of  the  most  dissimilar  characters  from  one  year  to 
another.  Some  idea  of  this  may  be  formed  from  the  different 
quantities  of  alcohol,  which  the  wine  of  different  years  contains : 


TMTt. 

Mean  tempenttire. 

Wine 

per  acre 

in  gal. 

Ions. 

Pure  al. 

(Pure  al- 

Of  the  whole  tenn  of 

the  growth  of  the 

yinef. 

Of  the  nunmer. 

Of  the  beginning  of 
autumn. 

cohol 
percent. 

cohol 
per  acre, 
in  galls. 

1833 
1834 
1835 
1836 
1837 

140.7C.  58°.4F. 
170.3      630.1 
15°.8      600.2 
150.8      600.2 
150.2      590.5 

170.3  c.  630.1  F. 
20».3      68^i 
190.5     67° 
210.5      710 
180.7      66^ 

llo.4C.51°.5F. 
170.0      630 
120.3      540 
120.2      54^ 
1 10.9      540 

311 
314 
621 
544 
184 

5.0 
11.2 
8.1 
7.1 
7.7 

11.4 
46.3 
50.0 
38.6 
14.0 

If  we  now  inquire  how  the  meteorological  circumstances  of 
each  of  these  five  years  influenced  the  production  of  our  wine  we 
see  at  once  that  the  mean  temperatiu-e  of  the  days  which  make 
up  the  period  of  the  cultivation  of  the  wine  has  a  perceptible 
influence.  The  temperature  of  the  summer  was  17.3^  C. 
(63.1^  Fahr.)  of  the  year  which  yielded  the  strongest  wine,  and 
only  14.7®  C.  (58.4®  Fahr.)  in  1833,  the  wine  of  which  was 
scarcely  drinkable. 
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A  hot  summer  is  naturally  favourable  to  the  vine :  the  mean 
heat  of  1833  did  not  exceed  17^^  C.  (63  J®  Fahr.) ;  with  the 
exception  of  this  year,  which  must  be  regarded  as  one  of  the 
very  worst,  the  three  favourable  summers,  1 834,  35,  and  36, 
show  a  mean  temperature  of  about  20®  C.  (68®  Fahr.)  It  is 
not,  however,  with  the  warmest  summer  that  we  find  the 
strongest  wine  to  correspond.  Besides  the  sustained  heat, 
which  is  necessary  during  the  whole  year's  growth  of  the  vine, 
it  would  appear  that  a  mild  autumn  was  a  condition  necessary 
to  the  perfect  ripening  of  the  grapes :  this  is  one  of  the  essential 
conditions.  We  see,  in  fact,  that  in  1834,  the  months  of 
September  and  October  presented  the  extraordinary  temperature 
of  IT"  C.  (62.6"  Fahr.)  whilst  in  1833  the  temperature  of  the 
same  months  did  not  rise  higher  than  1 1.4°  C.  (51.5*^  Fahr.)  I 
shall  here  add,  that  the  year  1811,  so  remarkable  over  Europe 
for  the  quantity  and  the  excellence  of  its  wines,  was  distinguished 
by  the  high  temperature  of  the  early  part  of  its  autumn ;  we 
find,  in  fact,  from  the  excellent  series  of  observations  with  which 
M.  Herrenschneider  has  presented  Alsace,  that  in  this  year,  after 
a  summer  the  mean  temperature  of  which  was  19.6*  C.  (67.8* 
Fahr.),  the  heat  of  the  months  of  September  and  October  was 
maintained  at  15®  C.  (59°  Fahr.)  the  usual  temperature  of  the 
months  of  September  and  October,  not  being  higher  than  about 
11.5°C.  (52.7' Fahr. 

If  we  deduct  from  these  observations  the  years  1 833  and 
1 837,  which  were  decidedly  bad,  it  seems  that  we  must  con- 
clude that  meteorological  influences  have  a  greater  effect 
upon  the  quality  of  wines,  than  upon  the  whole  quantity  of 
alcohol  formed;  thus,  although  the  wine  of  1836  was  very  in- 
ferior to  that  of  1834,  it  actually  yielded  a  larger  proportion  of 
alcohol  fi-om  the  acre. 

In  Alsace,  in  order  that  a  year  may  be  favoimible  to  the  vine, 
the  temperature  of  those  months,  during  which  the  plant  is  alive, 
must  be  sensibly  superior  to  the  mean :  a  fact  which  appears 
from  M.  Herrenschneider's  long  series  of  observations.  In  a 
climate  where  the  vine  requires  such  a  condition  to  succeed,  it  is 
obvious  that  its  cultivation  can  never  be  advantageous ;  and  this, 
in  fact,  is  the  case ;  the  cultivation  of  the  vine  would,  indeed  be 
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altogether  ruinous,  were  it  not  for  the  circumstance  that  the 
value  of  wine  increased  in  a  much  greater  ratio  than  its  quality, 
so  that  one  good  year  often  indemnifies  the  grower  for  many  bad 
years.  Another  consideration  is  this,  that  the  vine,  like  the 
olive,  grows  and  thrives  in  situations  where  it  would  be  difficult 
to  put  anything  else. 

The  produce  of  a  vineyard  also  depends  upon  its  age ;  and  it 
would  be  curious  to  examine  the  progressive  increase  of  the 
quantity  of  wine  yielded.  This  information  I  am  able  to  give  in 
connexion  with  a  vineyard  established  in  Flanders ;  I  only  regret 
that  I  have  no  means  of  presenting  parallel  observations  from  a 
ooimtry  more  favourable  to  the  vine.  The  vineyard  of  Schmalz- 
berg  was  planted  in  1822,  with  new  cuttings  from  France,  and 
from  the  borders  of  the  Rhine.  The  vines  are  trained  as  espaliers, 
and  are  now  rather  more  than  four  feet  in  height.  The  vineyard 
began  to  yield  wine  in  1825,  and  the  following  table  shows  the 
results  in  the  successive  years  up  to  1837 : 


Tean. 

Wine  per  Acre  in 
Gallons. 

Yean. 

Wlneper  Acre  in 
Galioni. 

1825 

68.75 

1832 

209.9 

1826 

192.0 

1833 

311  6 

1827 

0.0 

1834 

413.4 

1828 

115.0 

1835 

620.0 

1829 

55.9 

1836 

544.5 

1830 

0.0 

1837 

184.4 

1831 

153.0 

The  mean  quantity  of  wine  furnished  by  this  vineyard  from 
the  date  of  its  plantation,  is  224^  gallons  per  acre.  M.  Ville- 
neuve  reckons  the  mean  produce  of  many  vineyards  in  the 
south-west  of  France  at  from  about  146  to  192  gallons  per 
acre,  considerably  less  consequently  than  our  vineyard  at 
Schmalzberg  ;  and  official  documents,  whilst  they  give  the  mean 
produce  of  the  vine  for  the  whole  of  France  as  1 70.9  gallons 
per  acre,  state  the  whole  of  the  wine  produced  over  the  country 
at  976,906,414  gallons. 

From  documents  recently  published,  the  whole  produce  of 
the  vineyards  of  the  German  States  brought  to  market  appears 
to  be  59,180,000  gallons. 
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Pulque.  This  is  a  vinous  liquor,  indigenous  to  Mexico  and 
some  parts  of  Peru,  and  is  prepared  from  the  sap  of  the  Agave 
Americana.  When  this  plant  is  about  to  flower,  a  hole  is  made 
into  the  upper  part  of  its  stem,  which  by  and  by  becomes  filled 
with  juice,  and  is  removed  two  or  three  times  in  the  course  of 
the  twenty-four  hours  ;  this  sap  is  very  sweet,  runs  quickly  into 
fermentation,  and  yields  the  liquor  called  Pulque.  The  flow  of 
sap  continues  for  two  or  three  months,  and  a  single  plant  will 
yield  fix)m  six  to  eight  quarts  per  day.  In  the  neighbourhood 
of  a  large  town,  which  insures  a  ready  sale  for  the  produce,  a 
plantation  of  Agave  is  one  of  the  most  profitable  possessions ;  in 
the  neighbourhood  of  Cholula  there  are  single  plantations  which 
are  worth  from  £8,000  to  £12,000. 
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The  solid  mass  of  our  earth  does  not  every  where  present  the 
same  physical  characters,  or  the  same  chemical  composition. 
In  traversing  a  mountainous  country  of  any  extent,  we  seldom 
fail  to  observe  a  notable  difference  in  the  nature  and  relative 
position  of  the  rocks  which  compose  it ;  the  idea  which  forces 
itself  upon  the  mind  in  such  circumstances  is,  that  these  mineral 
masses  have  not  had  the  same  origin,  that  they  have  been  formed 
and  placed  in  their  several  situations  at  distinct  and  often  dis- 
tant epochs. 

In  examining  attentively  the  inequalities  which  mark  the  sur- 
face of  the  globe,  we  soon  perceive  that  those  rocks  which  gene- 
rally form  the  most  elevated  points,  the  axis  or  skeleton  of 
mountain  chains,  result  from  the  agglomeration  or  intimate 
mixture  of  different  mineral  substances  which  may  be  isolated 
and  separately  studied. 

These  crj^stalline  masses  are  frequently  covered  to  a  certain 
depth,  and  even  completely  concealed  by  rocks  of  more  recent 
formation,  the  fragmentarj'  elements  of  which  proclaim  their  origin 
fix)m  the  attrition  or  breaking  down  of  the  strata  which  support 
them.  The  regular  stratification  of  these  superimposed  rocks, 
the  configuration  of  their  minute  particles,  the  remains  of  or- 
ganized beings  which  are  found  in  them,  proclaim  them  to  be 
deposits  which  have  taken  place  successively  and  from  the  ocean. 
The  formation  of  the  crj^stalline  rocks  probably  dates  from  the  pe- 
riod at  which  the  crust  of  the  globe  became  solid.  These  elements, 
intimately  mingled  by  fusion,  combined  as  they  cooled,  accord- 
ing to  the  laws  of  affinity,  to  constitute  the  mineral  species  which 
we  encounter ;  just  as  it  happens  that  mineral  species,  identical 
with  those  which  we  observe  in  nature,  are  produced  and  cry- 
stallize during  the  consolidation  of  certain  scoriae  from  our 
furnaces. 
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The  various  circumstances  which  have  accompanied  the  cool- 
ing of  the  crust  of  the  globe,  have  doubtless  occasioned  the 
differences  which  we  obser\'e  in  the  distribution  of  the  minerals 
that  enter  into  the  composition  of  rocks.  Thus  granite  and 
mica  schist  which  present  so  dissimilar  a  structure,  are  neverthe- 
less, and  very  certainly,  varieties  of  the  same  species,  and  con- 
tain quartz,  felspar,  and  mica.  In  sienite,  the  mica  is  replaced 
by  amphibolite,  and  in  protogenite  by  talc.  In  trachite,  a 
volcanic  rock,  both  of  older  and  more  recent  date,  quartz  is  almost 
entirely  wanting ;  the  amphibolite  is  replaced  by  pyroxenite.  and 
the  felspar  which  is  encountered  is  no  longer  identical  in  its 
chemical  composition  with  that  which  enters  into  the  constitu- 
tion of  granite.  The  limestone  rock  which  belongs  to  the 
same  Plutonic  epoch,  is  granular  or  saccharoid  ;  occasionally  the 
intervention  of  magnesia  makes  it  pass  into  dolomite.   * 

The  sedimentary  strata  do  not  vary  less  in  their  composition. 
The  causes  which  segregated  the  rocks  of  igneous  origin,  appear 
to  have  destroyed  or  removed  one  or  several  of  their  elements 
l)efore  their  new  consolidation ;  one  of  the  most  common  de- 
posits, sand-stone  or  grit,  is  almost  wholly  composed  of  grains  of 
quartz,  amidst  which  particles  of  mica  are  frequently  encoun- 
tered ;  but  felspar  is  extremely  rare.  In  the  oldest  sedimen- 
tary strata  of  the  series,  as  in  the  greywackes,  the  igneous  ele- 
ments are  met  with  more  complete  and  less  altered.  The 
structure  of  the  calcareous  rocks  of  this  epoch  is  often  compact, 
clayey ;  it  becomes  porous  and  friable  in  deposits  of  more  recent 
date. 

The  stratified  rocks  must  have  been  deposited  in  parallel 
superimposed  layers,  and  these  strata,  horizontal  in  the  begin- 
ning, have  been  forced  into  the  inclined  and  perpendicular  posi- 
tions which  they  now  occupy  by  the  tumefaction  or  rising  of  the 
masses  upon  which  they  rest.  The  organic  remains  which  they 
present,  frequently  in  such  quantity,  proclaim  that  in  the  period 
when  the  revolutions  of  the  globe  took  place  that  gave  them 
birth,  there  were  already  animated  beings  and  plants  growing 
upon  the  surface  of  the  earth.  The  production  of  sedimentary 
strata  is  an  obvious  proof  that  the  igneous  rocks  of  which  they 
arc  the  product,  must  have  been  segregated,  so  as  to  form  beds 
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of  gravel,  and  sand,  and  day.  The  elements  of  all  stratified 
rocks  must  necessarily  have  passed  through  these  different  states 
before  the  powerful  causes  which  consolidated  them,  of  the  na- 
ture of  which  we  cannot  now  form  an  estimate,  came  into  play. 
The  disintegration  of  the  crystalline  igneous  rocks  proceeds 
under  our  eyes,  as  it  were,  from  the  combined  actions  of  water 
and  the  atmosphere. 

Water  by  reason  of  its  fluidity,  penetrates  the  masses  of 
rocks  that  are  at  all  porous,  it  filters  into  their  fissures.  If  the 
temperature  now  fall,  and  the  water  comes  to  congeal,  it  sepa- 
rates by  its  dilatation  the  molecules  of  the  mineral  fi*om  one  an- 
other, destroys  their  cohesion,  and  produces  defls  which  slowly 
reduce  the  hardest  rocks  to  fi*agments,  and  then  to  powder. 
During  the  fi-ozen  state,  the  ice  may  serve  as  a  cement,  and  con- 
nect the  disintegrated  partides ;  but  with  the  thaw,  the  slightest 
force,  currents  of  water,  the  mere  effect  of  weight  sufiices  to  carry 
the  fi'agments  to  the  bottom  of  the  valley,  and  the  rubbing  and 
motion  to  which  these  figments  of  rocks  are  exposed  in  tor- 
rents, tend  to  break  them  still  smaller,  and  to  reduce  them 
to  sand. 

The  quantity  of  earthy  matter  brought  down  by  streams 
and  rivers  is  considerable :  an  idea  may  be  formed  of  it  fi-om  the 
thickness  of  the  slime  or  mud  deposited  by  a  river  which  has 
overflowed  its  banks.  In  many  situations  the  arable  soil  is  either 
formed  entirely,  or  is  powerfully  ameliorated  by  such  alluvial  de- 
posits. The  fertilizing  powers  of  the  mud  of  the  Nile  are  well- 
known  ;  according  to  Shaw,  the  waters  of  this  river  carry  with 
them  about  the  1 32nd  part  of  their  volume ;  those  of  the  Rhine, 
at  the  periods  of  its  great  increase,  bring  down  more  than  the 
1 00th  part ;  and  Dr.  Barrow,  fi-om  observations  made  in  China, 
estimates  at  the  200th  part  of  the  volume  of  the  mass  of  fluid, 
the  mud  and  slime  which  are  carried  towards  the  sea  by  the 
Yellow  river.  These  fluviatile  deposits  accumulate  at  the  mouths 
of  great  rivers  and  gradually  encroach  upon  the  ocean  ;  this  is 
very  conspicuous,  for  example,  at  the  mouths  of  the  Elbe, 
where,  at  the  turn  of  the  tide,  when  there  is  an  interval  of 
calm,  the  earthy  matters  which  are  held  in  suspension  are  pred- 
pitated,  and  a  sediment  results,  which  is  thrown  up  by  the  next 
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waves  upon  the  beach.  By  these  successive  deposits,  the  beach 
rises  gradually,  and  an  extensive  alluvium  is  formed  which  re- 
mains dry  at  neap  and  ordinary  tides.  These  new  lands,  the 
fertility  of  which  is  truly  surprising,  constitute  the  polders  of 
which  the  Dutch  make  so  much.  During  spring  tides  and 
storms  from  particular  quarters,  these  polders  would  of  course 
be  all  submerged,  had  not  the  active  industry  of  the  inhabitants 
raised  dykes,  which  successfully  oppose  the  waters  of  the 
ocean. 

Besides  the  mechanical  causes  of  the  destruction  of  rocks 
already  quoted,  there  is  a  chemical  action  depending  upon 
meteorological  influences,  which  exerts  a  powerful  influence  upon 
the  constituent  elements  of  crystalline  rocks.  Felspar,  amphi- 
bolite,  mica,  and  the  protoxide  of  iron  suffer  decomposition  in 
certain  circumstances  with  surprising  rapidity,  without  our  being 
able  to  foresee,  and  still  less  to  explain,  this  singular  tendency  to 
destruction.  In  granite,  for  example,  the  felspar  and  the  mica 
lose  their  vitreous  and  crystalline  state,  they  become  friable, 
earthy,  and  are  transformed  into  an  argillaceous  substance,  which 
is  known  in  the  arts  under  the  name  of  kaoline,  and  which  is 
extensively  used  in  the  manufacture  of  porcelain ;  amphibolite, 
and  pyroxenite,  undergo  an  alteration  of  the  same  kind.  In 
these  minerals  the  protoxide  of  iron  passes  to  the  state  of  the 
maximum  of  oxidation.  The  air  and  moisture  appear  to  exert 
a  great  influence  upon  this  alteration,  which  frequently  extends  to 
a  great  depth,  as  we  see  in  the  beds  of  porcelain  earth,  which 
are  worked  in  various  granite  districts,  and  as  I  have  myself 
ascertained,  in  a  bed  of  decomposed  syenitic  porphyry  where 
there  are  very  extensive  subterraneous  works.  In  these  works, 
which  are  carried  on  in  auriferous  strata,  the  alteration  in  the 
felspar  and  amphibolite  can  be  followed  to  a  depth  of  nearly 
330  feet.  In  the  midst  of  the  rocks  so  changed,  we  every  here 
and  there  meet  with  masses  which  have  resisted  the  decomposing 
action,  and  still  possess  all  their  original  hardness  and  freshness. 
Historical  monuments  also  show  us  unalterable  granites ;  such  is 
that,  for  instance,  which  now  forms  the  obelisk  in  the  square  of 
San  Giovanni  di  Laterano  at  Rome,  and  which  was  cut  at  Siena, 
under  the  reign  of  a  King  of  Thebes,  thirteen  hundred  years 
before  the  Christian  era.     Such  is  further  the  obelisk  of  the 
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Place  of  Str  Peter,  which  was  consecrated  to  the  sun  by  a  son 
of  Sesostris  more  than  three  thousand  years  ago. 

The  schists,  by  reason  of  their  structure,  wear  away  with 
much  greater  facility.  Calcareous  rocks  resist  atmospherical 
agencies  somewhat  better ;  but  their  softness  in  general  suffers 
them  to  be  readily  attacked  by  mechanical  causes,  and  water 
even  acts  upon  them  as  a  solvent  through  the  medium  of  the 
carbonic  acid  which  it  always  contains.  The  resistance  of  the 
greywackes,  and  of  the  sand  stones  depends  in  a  great  measure 
on  the  nature  and  cohesion  of  the  cement  which  unites  their  par- 
ticles ;  their  power  of  resisting,  however,  is  generally  inconsiderable, 
and  these  rocks  fall  down  pretty  rapidly  into  sandy  soils. 

The  modifications  experienced  by  the  constituent  minerals  of 
rocky  masses,  do  not  happen  solely  from  changes  in  the  mole- 
cular state  of  their  elements ;  their  chemical  nature  is  further 
deeply  changed,  and  some  of  their  original  principles  disappear. 
The  felspars,  for  example,  into  the  constitution  of  which,  potash 
and  soda  enter,  abandon  almost  the  whole  of  these  alkalies,  in 
passing  into  the  state  of  kaoline.  This  is  made  manifest  by  a 
comparison  of  the  analyses  of  the  mineral  in  its  two  states. 
Besides  the  alkali  which  is  lost,  we  also  perceive  that  in  kaoline, 
the  proportion  of  alumen  relatively  to  that  of  silica,  is  much 
greater  than  in  the  undecomposed  felspar,  a  fact,  which,  accord- 
ing to  M.  Berthier,  demonstrates  that  the  alkali  is  removed  in 
the  state  of  silicate. 

The  final  result  of  the  disintegration  of  rocks  and  of  the 
decomposition  of  the  minerals  which  enter  into  their  constitution, 
is  the  formation  of  those  alluviums  which  occupy  the  slopes  of 
mountains  that  are  not  too  steep,  the  bottoms  of  valleys  and  the 
most  extensive  plains.  These  deposits,  however  formed,  whether 
of  stones,  pebbles,  gravel,  sand  or  clay,  may  become  the  basis  of 
a  vegetable  soil,  if  they  are  only  sufficiently  loose  and  moist. 
Vegetation  of  any  kind  succeeds  upon  them  at  first  with  diffi- 
culty. Plants  which  by  their  nature  live  in  a  great  measure  at 
the  expence  of  the  atmosphere,  and  which  ask  from  the  earth 
little  or  nothing  more  than  a  support,  fix  themselves  there  when 
the  climate  permits.  Cactuses  and  fleshy  plants  take  root  in 
sands ;  mimosas,  the  broom,  the  furze,  &c.  show  themselves  upon 
gravels.     These  plants  grow,   and  after  their  death  either  in 
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part  or  wholly,  leave  a  debris  which  becomes  profitable  to  suc- 
ceeding generations  of  vegetables.  Organic  matter  accumulates 
in  the  course  of  ages  even  in  the  most  ungrateful  soils  in  this  way, 
and  by  these  repeated  additions  they  become  less  and  less  sterile. 
It  is  probable  that  the  virgin  forests  of  the  new  world  have  thus 
supplied  the  wonderful  quantity  of  vegetable  mould,  in  which  the 
present  generation  of  trees  is  rooted.  At  Lavega  de  Supia,  in 
South  America,  the  slipping  of  a  porphyritic  mountain  covered 
completely  with  its  debris,  to  the  extent  of  nearly  half  a  league, 
the  rich  pkntations  of  sugar  cane  which  were  there  established. 
Ten  years  afterwards  I  saw  the  blocks  of  porphyry  shadowed 
by  thick  groves  of  mimosas  ;  and  the  time  perchance  is  not  very 
remote  when  this  new  forest  will  be  cleared  away  and  the  stony 
soil,  enriched  with  its  spoils,  will  be  restored  to  the  husbandman. 

The  chemical  composition  of  the  e,arth,  adapted  for  vegeta- 
tion, must  of  course  participate  in  the  nature  of  the  rocks  and 
substrata  from  which  it  is  derived;  and  the  elements  which 
enter  into  the  constitution  of  mineral  species  ought  to  be  found 
in  the  soils,  which,  by  the  effect  of  time  or  human  industry,  may 
serve  for  the  reproduction  of  vegetables.  It  is  on  this  account 
that  it  becomes  interesting  to  know  the  composition  of  the 
minerals,  which  are  the  most  abundantly  dispersed  in  the  solid 
mass  of  the  globe. 

The  solid  part  of  our  planet,  as  is  well  known,  occupies  but 
one  third  of  its  whole  surface.  The  ocean  occupies  two  thirds, 
and  the  majority  of  the  rocks  of  sedimentary  formation  must 
have  been  primarily  deposited  at  the  bottom  of  the  sea.  These 
rocks  will  therefore  be  apt  to  contain  the  saline  substances 
which  are  met  with  in  sea  water,  and  it  is  a  fact  that  many  of 
the  secondary  sandstones  show  unequivocal  traces  of  these 
substances.  Deltas  and  low  downs,  left  by  the  ocean,  are  con- 
stantly being  brought  under  tillage,  and  the  fierce  winds  of  the 
sea  frequently  carry  saline  matters  to  vast  distances,  even  to  the 
centre  of  great  continents ;  lastly,  as  we  shall  see  by  and  by, 
the  ocean  supplies  agriculture  with  powerful  manures.  Analysis 
shows  that  sea  water  contains,  besides  chloride  of  sodium  or 
common  salt,  hydrochlorate  of  magnesia,  sulphate  of  soda, 
sulphate  of  magnesia,  sulphate  of  lime,  carbonate  of  lime,  carbo- 
nate of  magnesia,  and  a  quantity  of  carbonic  add,  to  which 
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must  be  added  the  substances  discovered  in  the  mother  waters 
of  salt  marshes,  and  which  occur  with  reference  to  the  others  in 
quantities  so  smaU  as  to  escape  direct  analyses  of  any  moderate 
portions  of  sea  water :  these  substances  are  iodides,  bromides,  and 
certain  ammoniacal  salts. 

The  minerals  most  generally  found  in  rocks  are  quartz,  felspar, 
mica,  amphibohte,  pyroxenite,  talc,  serpentine  and  diallf^. 

Quartz  is  irequendy  composed  of  silica  nearly  in  a  state  of  purity; 
but  I  may  save  lime  by  presenting  in  a  single  table  the  compo- 
sition of  the  principal  mineral  species  such  as  we  find  it  indicated 
by  the  best  chemical  analysts : 
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If  we  now  compare  the  analyses  of  the  ashea  of  v^;etables 
which  we  have  already  given  with  those  just  indicated,  we  see 
that  the  mineral  substances  which  meet  us  in  plants  also  exist  in 
the  soil  independently  of  any  addition  from  manure.  We  may 
therefore  lay  it  down  as  a  principle  that  the  mineral  substances 
encountered  in  v^;etables  are  obtained  in  the  soil,  and  that  the 
whole  of  these  substances  come  from  rocks  which  form  the  solid 
crust  of  our  planet.  I  ought,  however,  to  observe  in  this  place 
that  the  phosphates,  which  are  so  constantly  pres«it  in  plants 
that  it  is  to  be  presumed  they  are  essential  to  their  organization, 
do  not  6gure  among  the  elements  of  crystalline  rocks ;  we  only 
meet  with  phosphoric  acid  in  the  strata  of  a  more  recent 
geological  epoch,  strata  the  formation  of  which  has  indeed  fol- 
lowed the  appearance  of  organized  beings  ;  so  that  it  would  be 
quite  fair  to  maintain  that  this  acid  had  been  introduced  into 
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these  new  strata  by  the  animated  beings  which  are  buried  in 
them.  Still  the  phosphates  are  by  no  means  wanting  in  the 
rocks  of  igneous  origin.  In  metalliferous  strata,  to  quote  those  of 
more  common  occiurence  only,  we  find  phosphate  of  lead,  of  cop- 
per, of  manganese,  and  of  lime ;  it  is  even  difficult  to  discover  a 
ferruginous  mineral  which  does  not  contain  a  larger  or  smaller 
dose  of  phosphoric  acid.  And  I  must  here  add  that  if  phosphoric 
add  has  been  rarely  indicated  as  a  constituent  of  mineral  sub- 
stances, this  is  by  no  means  from  its  uniform  absence  there,  but 
because  it  escaped  the  researches  of  the  analyst,  in  the  same  way 
as  iodine  and  bromine  for  a  long  time  escaped  notice  in  all 
the  analyses  that  were  made  of  sea  water.  Chemists,  in  fact, 
only  discover  those  bodies  readily  which  exist  in  some  very  ap- 
preciable quantity  in  the  compounds  they  examine.  The  sub- 
stances whose  presence  is  not  foreseen,  those  which  only  enter  in 
extremely  small  quantity  into  a  mineral  are  apt  to  pass  the  eyes 
even  of  the  most  skilful  and  conscientious  imperceived. 

The  ashes  of  every  vegetable  examined  up  to  the  present  time 
show  us  phosphates,  and  yet  these  salts  have  never  been  detected 
in  any  of  the  analyses  of  saps,  (not  very  numerous  it  is  true), 
which  we  possess  ;  it  is  nev^theless  all  but  certain  that  the  sap 
must  contain  phosphoric  add  in  some  state  of  combination  or 
another. 

Thaer  compares  the  soil  in  husbandry  to  the  raw  material 
upon  which  the  industry  of  the  manufacturer  is  exercised ;  the 
comparison  would  perhaps  be  more  exact  were  the  soil  likened  to 
the  mechanical  agents  he  uses ;  and,  in  fact,  even  as  the  pros- 
perity of  manufactures  and  the  perfection  of  their  produce  de- 
pend upon  the  perfection  of  the  machinery  employed,  so  are  the 
quality  and  the  quantity  of  crops  connected  in  the  most  inti- 
mate manner  with  the  quality  of  the  soiL  The  highest  skill  of 
the  husbandman,  even  under  a  feivourable  dimate,  and  otherwise 
in  the  most  advantageous  circumstances  may  all  be  made  nu- 
gatory by  the  incessantly  renewed  difficulties  which  meet  him  in 
a  barren  soil. 

To  be  truly  fit  for  agriculture  the  earth  ought  to  present 
several  essential  qualities;  a  soil,  for  instance,  must  be  suffi- 
dently  open,  sufiSdently  loose  to  permit  the  roots  of  plants  to 
penetrate  it,  and  to  prevent  the  water  from  stagnating  upon  it. 
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The  matter  of  which  it  is  composed  must  farther  be  of  such  a 
kind  that  the  air  may  insinuate  itself  into  it  and  be  renewed, 
without,  however,  too  rapid  a  desiccation  foUowing. 

A  great  deal  has  been  written  since  Bergman's  time  upon  the 
chemical  composition  of  soils.  Chemists  of  great  talent  have 
made  many  complete  analyses  of  soils  noted  for  their  fertility  ; 
still  practical  agriculture  has  hitherto  derived  very  slender  bene- 
fits fi*om  labours  of  this  kind.  The  reason  of  this  is  very  sim- 
ple ;  the  qualities  which  we  esteem  in  a  workable  soil  depend 
almost  exclusively  upon  the  mechanical  mixture  of  its  elements ; 
we  are  much  less  interested  in  its  chemical  composition  than  in 
this ;  so  that  simple  washing  which  shows  the  relations  between 
the  sand  and  the  clay  tells  of  itself  much  more  that  is  important 
to  us  than  an  elaborate  chemical  analysis.  The  quality  of  an 
arable  soil  depends  essentially  on  the  association  of  these  two 
matters.  Sand,  whether  it  be  siliceous,  calcareous,  or  felspathic, 
always  renders  a  soil  friable,  permeable,  loose ;  it  facilitates  the 
access  of  the  air  and  the  drainage  of  the  water,  and  its  influence 
is  more  or  less  favourable  as  it  exists  in  the  state  of  minute  sub- 
division, or  in  the  state  of  coarse  sand  or  of  gravel. 

Clay  possesses  physical  properties  entirely  opposed  to  those  of 
sand ;  united  with  water  it  forms  an  adhesive  plastic  paste, 
which  once  moistened  becomes  almost  impermeable.  With  such 
characters  it  will  easily  be  conceived  how  it  is  impossible  to 
work  to  advantage  a  soil  that  is  entirely  argillaceous.  The  pro- 
per character,  or  if  you  will,  the  quality  of  a  soil  depends  then 
essentially  on  the  element  which  predominates  in  the  mixture  of 
sand  and  clay  that  composes  it ;  and  between  the  two  extremes 
which  are  alike  unfavourable  to  vegetation,  viz. :  the  completely 
sandy  soil  and  the  unmixed  clay,  all  the  other  varieties,  all  the 
intermediate  shades  can  be  placed,  it  is  rare  indeed  that  arable 
soils  are  formed  solely  of  sand  and  clay ;  not  to  mention 
certain  saline  substances  which  are  generally  encountered  al- 
though in  small  quantity,  we  always  find  the  remains  of  organic 
matters,  remains  which  constitute  that  part  of  a  soil  which  has 
been  designated  under  the  somewhat  vague  name  of  humus. 
Although  a  soil  which  is  entirely  without  humus  may  be  cultivated 
by  calling  in  the  aid  of  manure,  and  as  humus  consequently  need 
not  be  regarded  as  indispensable,  still  this  matter  generally  enters 
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in  certain  proportions  into  the  constitution  of  soils.  The  soils 
of  forest  lands  contain  a  large  quantity  of  it,  and  some  soils  are 
mentioned,  which  are  very  rich  in  this  substance  and  which  yield 
abundant  crops  of  grain  for  ages  and  with  very  little  attention. 

In  examining  a  soil,  attention  ought  to  be  directed,  1st.  to  the 
sand,  2nd.  to  the  clay,  3rd.  to  the  humus  which  it  contains.  It 
would  further  be  useful  to  inquire  particularly  in  regard  to  cer- 
tain other  principles  which  exert  an  unquestionable  influence 
upon  vegetation,  such  as  certain  alkaline  and  earthy  salts. 

Vegetable  earth  dried  in  the  air  until  it  becomes  quite  friable 
may  nevertheless  still  retain  a  considerable  quantity  of  water,  and 
which  can  only  be  dissipated  by  the  assistance  of  a  somewhat 
high  temperature.  It  is  therefore  proper  in  the  first  instance  to 
bring  all  the  soils  which  it  is  proposed  to  examine  comparatively, 
to  one  constant  degree  of  diyness.  The  best  and  quickest  way 
of  drying  such  a  substance  as  a  portion  of  soil  is  to  make  use 
of  the  oil-bath  ;  a  quantity  of  oil  contained  in  a  copper  vessel  is 
readily  kept  at  an  almost  uniform  temperature  by  means  of  a 
lamp.  A  thermometer  plunged  in  the  bath  shows  the  degree  to 
which  it  is  heated;  the  substance  to  be  dried  is  put  into  a 
glass  tube  of  no  great  depth  and  sufficiently  wide;  or  into  a 
porcelain  or  silver  capsule,  if  the  quantity  to  be  operated  upon 
be  somewhat  considerable ;  these  tubes  or  vessels  are  placed  in 
the  oil  so  as  to  be  immersed  in  it  to  about  two-thirds  of  their 
height.  For  the  desiccation  of  soils  the  temperature  may  be 
carried  to  150^  or  160®  C.  (334®  or  352®  F.)  The  weight  of 
the  vessel  is  first  accurately  taken,  and  a  given  weight  of  the 
matter  to  be  dried  is  then  thrown  into  it,  after  which  it  is  ex- 
posed to  the  action  of  the  bath-  If  we  operate  upon  from  600 
to  700  grains,  the  drying  must  be  continued  during  two  or 
three  hours ;  the  weight  of  the  capsule  with  its  contents,  after 
having  been  wiped  thoroughly  clean,  is  then  taken.  It  is  placed 
anew  in  the  bath,  and  its  weight  is  taken  a  second  time  after  an 
interval  of  fifteen  or  twenty  minutes;  if  the  weight  has  not 
diminished,  it  is  a  proof  that  the  drying  was  complete  at  the 
time  of  the  first  triaL  In  the  contrary  case,  the  operation  must 
be  continued,  and  no  drying  must  be  held  terminated  until  two 
consecutive  weighings,  made  at  an  interval  of  from  fifteen  to 
twenty  minutes,  show  any  thing  more  than  a  very  trifling  dif- 
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ference.  Davy  points  out  another  and  much  more  simple 
method,  which  although  &r  from  accurate,  may  nevertheless 
suffice  in  many  general  trials.  The  soil  to  be  dried  is  put  into 
a  porcelain  capsule  heated  by  a  lamp,  and  a  thermometer  with 
which  the  mass  may  be  stirred,  is  placed  in  its  middle,  and 
shows  the  temperature  at  each  moment.  Lastly,  in  many  cir- 
cumstances the  marine  bath  may  suffice.  In  drying,  the  main  point 
is  to  do  so  at  a  known  temperature,  and  one  which  may  be  repro- 
duced ;  for  the  absolute  desiccation  of  a  quantity  of  soil  could 
not  be  accomplished  except  at  a  heat  close  upon  redness,  and 
this  would  of  course  alter  or  destroy  the  organic  matters  it 
contains. 

The  organic  matters  contained  in  ordinary  soils  consist  in  part 
of  pieces  of  straw  and  of  roots,  which  are  usually  separated  by 
sifting  the  earth  through  a  hairsievo;  the  gravd  and  stones 
which  the  soil  contains  are  separated  in  the  same  way. 

The  earth  sifted  is  now  washed.  To  accomplish  this,  it  is 
introduced  into  a  matrass  with  three  or  four  times  its  bulk  of 
hot  distilled  water,  the  whole  is  shaken  well  for  a  time,  the 
matrass  is  left  to  stand  for  a  moment,  and  then  the  liquid  is 
decanted  into  a  wide  porcelain  capsule.  The  washing  is  con- 
tinued, fresh  quantities  of  water  being  added  each  time  until  the 
whole  of  the  clay  has  been  removed,  which  is  known  by  the 
fluid  becoming  clear  very  speedily ;  the  sand  which  remains  is 
then  washed  out  into  another  capsule.  The  argillaceous  particles 
or  the  day  and  all  the  matters  held  in  suspension  in  the  water  are 
thrown  upon  a  filter  and  dried ',  the  desiccation  is  completed 
by  the  same  process  and  under  the  same  circumstances  as  that 
of  the  soil  had  been.  The  sand  is  in  like  manner  dried  with 
the  same  care. 

If  we  would  ascertain  the  nature  and  quantity  of  the  soluble 
salts,  the  whole  of  the  water  used  in  the  washing  must  be  put 
together  and  evaporated,  which  may  be  done  upon  a  sand  bath. 
The  evaporation  is  pushed  to  dryness,  and  the  salts  that  remain, 
having  been  previously  weighed,  are  thrown  into  a  small  plati- 
num capsule,  in  which  they  are  heated  to  a  dull  red  by  means 
of  a  spirit  lamp,  in  order  to  bum  out  the  organic  salts,  and  thus 
distinguish  by  means  of  a  subsequent  weighing  between  them 
and  the  inorganic  salts. 
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The  sand  may  be  silicious  or  calcareous.  The  presence  of 
carbonate  of  lime  is  readily  ascertained  by  treating  it  with  an 
acid  which  will  form  a  soluble  salt  with  lime,  such  as  hydro- 
chloric, nitric  or  acetic  acid.  Effervescence  shows  the  presence 
of  a  carbonate ;  the  quantity  of  which  may  be  estimated  by 
weighing  the  sand  dry  before  and  after  its  treatment  with  the 
acid,  particular  care  being  of  course  taken  to  wash  the  remain- 
ing sand  well  before  setting  it  to  dry.  This,  however,  is  an 
operation  of  little  use,  the  great  object  is  to  ascertain  the  quan- 
tity of  sandy  matter.  Had  we  a  particular  interest  in  ascertain- 
ing the  presence  and  estimating  the  quantity  of  the  earthy 
carbonates  contained  in  a  sample  of  soil,  it  would  be  advisable 
to  make  a  special  inquiry,  inasmuch  as  the  finely  divided  cal- 
careous earth  being  carried  off  along  with  the  day  in  the  course 
of  the  washing,  the  sand  obtained  never  contains  the  whole  of 
the  carbonate  of  lime. 

The  argillaceous  matter  procured  by  the  washing  is  far  fix)m 
being  pure  day  ;  it  contains  a  quantity  of  extremdy  fine  sand, 
particles  of  calcareous  earth,  and  if  the  soil  contain  humus, 
the  more  delicate  partides  of  this  substance  will  also  be  in- 
cluded. 

To  determine  the  quantity  of  humus,  recourse  is  generally 
had  to  its  destruction  by  heat.  A  known  weight  of  dried  earth 
is  heated  to  redness  in  a  capsule,  and  constai^y  stirred  for  a 
time,  and  when  no  more  of  those  brilliant  points  or  sparks, 
which  are  indications  of  the  combustion  of  carbon,  are  observed, 
it  is  set  to  cool  and  then  weighed.  This  is  the  method  which  has 
been  generally  followed  by  Davy  and  others.  It  would  be  diffi- 
cult to  find  a  method  more  convenient  than  this,  but  it  is  unfortu- 
nately very  inaccurate.  Soils  dried  at  a  temperature  at  which 
organic  matter,  such  as  humus,  &c.,  begins  to  change,  still  re- 
tain a  considerable  quantity  of  water  in  union  with  the  day. 
This  water  is  disengaged  at  the  red  heat  required  for  the  com- 
bustion of  the  organic  matters ;  and  as  their  quantity  is  estimated 
by  the  loss  of  weight  on  the  subsequent  weighing,  it  is  obvious 
that  the  loss  from  the  dissipation  of  water  is  added  to  that  which 
proceeds  from  the  destruction  of  the  humus.  It  is  undoubtedly  to 
this  cause  of  error  that  we  must  ascribe  the  large  proportions  of 
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humus  mentioned  in  the  soils  examined  by  Thaer  and  Einhoff ; 
it  is  therefore  better  to  restrict  the  examination  to  the  determi- 
nation of  the  presence  or  absence  of  humus  than  to  attempt  to 
ascertain  its  quantity  by  so  imperfect  a  method. 

Priestley  and  Arthur  Young  were  already  aware  that  a  more 
delicate  operation  was  required  to  determine  the  quantity  of 
humus.  They  recommend  calcination  of  the  soil  in  a  close 
vessel,  and  that  the  gaseous  products  should  be  collected.  This 
mode  of  proceeding,  however,  would  have  but  slight  advantages 
over  that  which  I  have  just  criticised,  inasmuch  as  the  volume 
of  gas  collected  varies  with  every  difference  of  heat  employed. 

The  only  method  in  my  opinion  which  we  have  of  learning 
the  quantity  of  humus,  of  organic  debris,  which  is  contained  in 
a  soil,  is  that  of  an  elementary  analysis.  It  is  by  burning  a 
known  quantity  of  earth  thoroughly  dried  by  means  of  the  oxide 
of  copper,  aided  by  a  current  of  oxygen,  that  the  carbon  and  hy- 
drogen may  be  determined.  But  the  most  important  point  of  all  is 
to  ascertain  the  amount  of  azote  included  in  the  organic  remains 
of  the  soil ;  and  we  have  happily  precise  means  in  our  elementary 
analysis  of  ascertaining  the  quantity  of  azote,  from  which  the 
amount  of  azotised  organic  matter  may  be  accurately  inferred. 

It  may  be  very  useful  to  determine  the  presence  or  absence 
of  carbonate  of  lime  in  a  soil ;  this  knowledge  would  of  course 
guide  us  in  our  applications  of  lime,  marl,  &c.  Two  modes 
may  be  employed  for  this  purpose  ;  1st.  the  soil  may  be  treated 
by  nitric  acid  slightly  diluted  with  water.  Any  eflFervescence 
will  denote  the  presence,  in  all  probability,  of  carbonate  of  lime. 
I  say  in  all  probability,  because  the  disengagement  of  carbonic 
acid  gas  under  such  circumstances  generally  indicates  the  pre- 
sence of  carbonate  of  lime  ;  it  is  not,  however,  a  special  character, 
because  the  disengagement  may  be  due  to  the  presence  of  any  other 
carbonate.  It  is  well  to  boil  the  acid  solution  upon  the  sample 
of  soil  that  is  analysed ;  the  part  which  is  not  dissolved  is  thrown 
upon  a  filter  and  washed  with  distilled  or  rain  water  boiling  hot. 
Into  the  clear  filtered  liquor  which  results  from  all  the  portions 
of  water  used  in  the  washing,  a  little  ammonia  is  added  ;  if  any 
precipitate  falls,  it  is  collected  upon  a  filter  and  washed ;  to  the 
new  liquors  obtained  by  this  washing,  a  solution  of  oxalate  of 
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ammonia  is  added.  If  there  be  any  lime  present,  it  is 
thrown  down  in  the  state  of  oxalate^  and  the  liquor,  having 
been  left  at  rest  for  five  or  six  hours,  becomes  completely 
dear;  the  addition  of  a  few  drops  of  the  solution  of  oxar- 
late  of  ammonia  to  this  clear  fluid  satisfies  us  whether  the 
whole  of  the  lime  has  been  precipitated  or  not.  The  oxalate  of 
lime  is  received  upon  a  filter,  washed  and  dried;  it  is  then 
thrown  into  a  platinum  capsule  along  with  the  piece  of  filtering 
paper  upon  which  it  was  collected,  and  is  heated  to  a  dull  red 
UDtil  the  paper  of  the  filter  is  completely  consumed  and  no 
fiirther  trace  of  carbon  appears ;  the  capsule  is  then  taken  from 
the  fire  or  fi-om  over  the  spirit  lamp,  and  cooled ;  when  cold, 
the  matter  which  it  contains  is  moistened  with  a  concentrated 
solution  of  carbonate  of  ammonia. 

The  matter  is  then  dried,  great  care  being  taken  that  nothing 
is  lost  by  particles  flying  out,  and  the  capsule  is  again  heated  to 
a  dull  red  ;  when  cold  it  is  weighed  accurately,  and  the  quantity 
of  matter  contained  then  becomes  known.  This  matter  is  car- 
bonate of  lime,  100  of  which  represents  56.3  of  lime  and  43.7 
of  carbonic  acid.  I  have  said  that  in  arable  soil  other  carbonates 
may  be  met  with  besides  that  of  lime ;  calcareous  soils,  for  ex- 
ample, very  commonly  contain  carbonate  of  magnesia.  If  we 
would  ascertain  the  quantity  of  this  earth  the  mode  of  proceed- 
ing which  I  have  just  particularly  indicated  enables  us  to  do  so ; 
we  have  but  to  evaporate  the  liquid  from  which  the  oxalate  of 
lime  was  deposited,  and  then  to  calcine  the  product  of  the  eva- 
poration in  a  platinum  capsule.  Any  nitrate  of  magnesia  which 
may  exist  there  will  be  decomposed  at  a  dull  red  heat,  as  well  as 
any  oxalate  of  ammonia  which  may  have  resulted  from  ammonia 
added  in  excess.  By  treating  the  residue  of  the  calcination  with 
water  we  obtain  the  magnesia,  which  being  washed  has  only  to 
be  calcined  and  its  weight  ascertained  by  weighing. 

2nd.  If  we  would  be  content  with  a  simple  approximation  we 
may  judge  of  the  quantity  of  calcareous  carbonate  contained  in 
a  vegetable  soil  by  measuring  the  quantity  of  carbonic  acid 
which  we  obtain  from  it.  We  counterpoise  upon  the  scale  of  a 
balance  a  phial  containing  some  diluted  nitric  acid ;  we  weigh  a 
certain  quantity  of  the  earth  to  be  analysed,  and  this  is  added  by 
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d^rees  to  the  acid.  If  the  earth  contains  carbonates,  efferves- 
oence  ensues.  The  liquid  is  shaken  with  care,  and  having 
waited  a  few  minutes  in  order  to  let  the  carbonic  acid  which  is 
mixed  with  the  air  of  the  phial  escape,  the  phial  with  its  con- 
tents is  again  put  into  the  balance.  If  there  has  been  no  disen- 
gagement of  carbonic  acid  it  is  clear  that  to  restore  the  equili- 
brium it  will  be  sufficient  to  add  to  the  opposite  scale  the  weight 
of  the  earth  which  was  put  into  the  phial ;  whatever  is  wanting  of 
this  weight  represents  precisely  the  weight  of  carbonic  acid 
which  has  been  disengaged.  Presuming  this  acid  to  have  been 
combined  with  lime,  the  weight  of  the  calcareous  carbonate  can 
be  calculated  exactly. 

Sulphate  of  lime  is  an  occasional  constituent  of  soils ;  to  ascer- 
tain its  presence  and  quantity,  the  following  is  the  method  of 
procedure : 

The  earth  well  pulverized  is  first  roasted  for  a  considerable 
time  in  a  crucible  or  platinum  capsule,  until  all  the  organic  mat- 
ter is  completely  destroyed ;  it  is  advisable  to  operate  on  about 
100  gnunmes,  or  about  3.2  ounces  troy  of  soil.  After  this  operation 
the  matter  is  boiled  in  4  or  5  times  its  weight  of  distilled  water 
fcM*"*  some  time ;  water  being  added  to  replace  that  which  is  dissi- 
ps^ed  by  evaporation ;  we  then  filter,  re-wash,  and  having  added 
all  the  liquors  we  evaporate  in  a  capsule  until  the  volume  of  the 
liquid  is  reduced  to  a  few  drachms.     To  the  liquid  thus  concen- 
trated we  add  its  own  bulk  of  alcohol.     If  the  solution  contains 
sulphate  of  lime  it  will  be  deposited,   and  the  deposit  being  re- 
ceived upon  a  filter  and  washed  with  weak  alcohol,  its  weight  is 
taken  after  having  been  dried  and  calcined.     This  salt  is  fi-e- 
quently  seen  deposited  in  the  form  of  fine  colourless  needles  on 
the  cooling  of  the  sufficiently  concentrated  solution  ;  but  the  ad- 
dition of  alcohol  is  always  usefiil,  because  the  sulphate  of  lime 
which  is  not  very  soluble  in  water,  is  altogether  insoluble  in  weak 
spirit,   which   on  the  contrary   dissolves   certain    alkaline   and 
earthy  salts  whose  presence  would  interfere  with  the  accuracy  of 
the  result. 

It  may  be  matter  of  great  moment  to  determine  the  existence 
and  the  quantity  of  phosphates  contained  in  a  soil  destined  for 
cultivation.    Although  the  search  for  phosphoric  acid  may  per- 


SOIL — ITS   ANALYSIS.  273 

haps  require  a  certain  familiarity  widi  chemical  analysis.  I  shall 
neverthdess  indicate  the  method  of  procedure.  It  is  much  to 
be  desired  that  enlightened  agriculturists  should  not  remain 
strangers  to  manipulations  of  this  kind. 

The  soil  to  be  analysed  must  be  first  deprived  of  all  organic 
matters  by  calcination.  After  having  reduced  it  to  a  very  fine 
powder  it  is  to  be  boiled  for  about  an  hour  with  three  or  four 
times  its  weight  of  nitric  or  hydrochloric  acid.  The  solution  is 
then  diluted  with  distilled  water,  and  filtered ;  the  matter  which 
remains  upon  the  filter  is  generally  silica  or  alumina  which  has 
escaped  the  action  of  the  acid.  Afler  having  reduced  the  wash- 
ings by  evaporation,  and  added  them  to  the  acid  liquor,  ammonia 
in  solution  is  poured  in.  Taking  the  simplest  instance,  the  preci- 
pitate which  falls  upon  the  addition  of  this  alkali  may  contain,  1  st. 
phosphoric  acid  in  union  with  the  peroxide  of  iron  and  lime ; 
2nd.  oxide  of  iron  and  of  manganese ;  3rd.  silica.  This  pre- 
dpitate,  which  is  usually  of  a  gelatinous  appearance,  is  received 
upon  a  filter,  well  washed  and  dried,  when  the  precipitate  is  rea- 
dily detached  from  the  filter.  It  is  thrown  into  a  platinum 
capsule  which  is  raised  to  a  white  heat,  after  which  the  weight 
of  the  residue  is  taken.  The  precipitate  after  calcination  is 
thrown  into  a  small  glass  matrass,  and  dissolved  by  hot  hydro- 
chloric acid.  If  there  is  any  silica  undissolved,  its  quantity  is 
merely  estimated  if  it  be  very  small,  if  it  be  a  larger  quantity  it 
is  to  be  collected  upon  a  filter  and  weighed.  To  the  new  acid 
solution,  about  three  times  its  weight  of  alcohol  is  added,  the 
mixture  is  shaken,  and  pure  sulphuric  acid  is  then  instilled  drop 
by  drop  until  there  is  no  longer  any  precipitate.  The  precipitate 
is  sulphate  of  lime,  which  is  thrown  upon  a  filter,  where  it  is 
washed  with  diluted  alcohol ;  it  is  then  dried,  calcined,  and  the 
weight  of  the  sulphate  of  lime  obtained,  permits  us  to  calculate 
that  of  the  lime  which  formed  part  of  the  precipitate  thrown 
down  by  the  ammonia  in  the  first  instance.  100  of  sulphate  of 
lime  are  equivalent  to  41.5  of  pure  lime. 

The  alcoholic  liquor  is  concentrated  in  order  to  expel  the 
spirit ;  as  it  is  acid,  it  is  saturated  with  ammonia  until  a  slight 
predpitate  begins  to  be  formed,  which  is  not  re-dissolved  upon 
shaking  the  mixture.     A  few  drops  of  the  hydrosulphate  of 
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ammonia  are  then  added,  upon  which  the  iron  and  the  man- 
ganese fall  in  the  state  of  sulphurets.  As  a  part  of  the  metals 
has  been  precipitated  in  the  state  of  oxide  by  the  ammonia 
added  in  the  hydrosulphate,  it  is  well  to  digest  for  eight  or  ten 
hours,  because  the  hydrosulphate  of  ammonia  always  ends  by 
changing  the  metals  present  into  sulphurets,  which  being  washed, 
dried,  and  reduced  to  the  state  of  oxides  by  calcination  in  a 
platinum  capsule,  are  weighed. 

If  the  first  ammoniacal  precipitate  did  not  contain  phosphoric 
acid,  its  weight  ought  to  be  reproduced  by  adding  that  of  the 
lime  to  that  of  the  metallic  oxides  proceeding  from  the  calcina- 
tion of  the  sulphurets.  Any  loss  which  is  noted  after  this, 
is  due,  if  the  process  has  been  well  conducted,  to  phosphoric 
acid,  which  had  not  been  collected,  but  which  has  re- 
mained in  the  state  of  phosphate  of  ammonia  in  the  liquid 
treated  by  the  hydrosulphate.  To  determine  with  precision  the 
presence  of  phosphoric  acid,  the  liquid  in  question  must  be 
evaporated  to  dryness,  and  the  residue  heated  strongly  in  a 
platinum  capsule.  After  the  dissipation  and  decomposition  of 
the  ammoniacal  salts,  there  remains  watery  phosphoric  acid, 
distinguishable  by  its  powerful  acid  reaction,  its  syrupy  con- 
sistence and  its  fixity. 

By  way  of  example,  I  shall  give  the  results  obtained  in  an 
analysis  of  this  kind : 

From  the  acid  liquor  ammonia,  threw  down  of :  «^-  •'^ 

Phosphates  and  metallic  oxides  .         ,         .         .         8.012 

These  gave  of  sulphate  of  lime  ....  8.768 

Equivalent  to  lime 3.612 

Hydrosulphate  of  ammonia  caused  a  precipitate,  which 

calcined  gave  of  metallic  oxides      ....  1.620 

Lime  and  metallic  oxides  together     .         .         5.233 

Difference  due  to  phosphoric  acid     . 


2.789 


TTie  analysis  for  phosphoric  acid  may  be  simplified  by  em- 
ploying a  process  conceived  by  M.  Berthier,  and  wWch  is 
founded  upon  the  strong  affinity  of  this  acid  for  the  peroxide  of 
iron  and  the  insolubility  of  the  phosphate  of  the  peroxide  of 
iron  in  dilute  acetic  acid.  If  to  a  fluid  containing  at  once  phos- 
phoric acid,  lime,  peroxide  of  iron,  alumina  and  magnesia  in 
solution,  ammonia  be  added,  the  precipitate  will   contain   the 


SOIL — ITS   ANALYSIS.  273 

whole  of  the  phosphoric  add.  The  acid  will  be  in  great  part 
combined  in  the  state  of  phosphate  of  iron,  if  the  peroxide  of 
iron  be  in  quantity  more  than  sufficient  to  neutralize  it,  a  con- 
dition which  must  be  frequently  expected  in  an  arable  soil; 
however  to  make  sure  of  this  point  it  is  well  to  add  a  certain 
quantity  of  the  peroxide  of  iron  to  the  soil,  whi  h  is  to  be 
analysed.  Besides  the  phosphate  of  iron  the  precipitate  may 
contain  phosphate  of  lime,  phosphate  of  alumina,  and  certainly 
ammoniacal  magnesian  phosphate.  FinaHy,  with  these  phosphates 
will  be  found  associated  alumina  and  oxide  of  iron,  the  latter 
especially  if  it  has  been  introduced  in  excess.  The  precipitate 
collected  upon  a  filter  and  washed,  must  then  be  treated  with 
dilute  acetic  acid,  which  will  dissolve  the  lime,  the  magnesia, 
and  the  excess  of  the  oxides  of  iron  and  alumina,  and  there  will 
remain  phosphate  of  iron  or  phosphate  of  alumina,  because  the 
latter  salt  is  as  insoluble  as  the  former  in  acetic  acid.  Whenever 
the  precipitate  in  question,  therefore,  leaves  a  residue  which  is 
insoluble  in  vinegar  the  presence  of  phosphoric  acid  may  be 
inferred ;  this  residue  may  consist  of  basic  phosphates  of  iron  or 
alumina  or  of  a  mixture  of  the  two  salts,  and  no  great  error 
will  be  committed  if  one  hundred  parts  of  this  residue  calcined, 
be  assumed  as  representing  fifty  of  phosphoric  acid. 

The  presence  of  silica  in  the  precipitate  insoluble  in  acetic 
acid  may,  however,  lead  to  error.  To  make  sure  that  the  pre- 
cipitate is  formed  by  a  phosphate  it  must  be  re-dissolved  in 
hydrochloric  acid,  and  the  acid  solution  evaporated  to  dryness 
so  as  to  render  the  silica,  which  may  exist  in  it,  insoluble.  By 
treating  the  residue  with  hydrochloric  acid  again,  the  phosphates 
alone  will  be  dissolved.  The  presence  of  phosphoric  acid  may 
otherwise  be  determined  by  treating  the  phosphate  of  iron  in 
solution  in  the  way  which  I  have  already  indicated. 

From  what  precedes,  it  must  be  obvious  that  the  most 
carefiilly  conducted  chemical  analysis  of  a  soil,  only  leads  us  to 
the  discovery  of  certain  principles  which  exist  in  very  small 
quantity,  although  their  action  is  unquestionably  useful  to  vege- 
tation. As  to  tlie  determination  of  the  relative  quantities  of 
sand  and  loam,  this  rests  upon  simple  washing ;  and  a  chemist 
would  spend  his  time  to  very  little  purpose,  in  seeking  by  means 
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of  elementary  analyses  to  determine  the  precise  composition  of 
these  substances.  The  finest  part  carried  off  by  the  water  will 
always  show  properties  analogous  to  those  of  clay ;  the  sand 
which  is  generally  silicious,  will  exhibit  the  characters  of  quartz  ; 
and  the  calcareous  fragments,  which  are  mixed  with  it,  will 
exhibit  those  that  belong  to  carbonate  of  lime.  It  will  be 
sufficient  then  in  connexion  with  the  mineral  constitution  of 
arable  soils,  to  expose  very  briefly  the  general  properties  of 
day  or  loam,  of  quartz,  and  of  carbonate  of  lime,  substances 
in  feet,  which  form  the  bases  of  all  arable  lands.  Pure 
clay  composed  of  silica,  alumina  and  water,  does  not  contain 
these  substances  in  the  state  of  simple  mixture.  The  inquiries 
of  M.  Berthier  have  satisfactorily  shown  that  clay  is  an  hydrated 
silicate  of  alumina.  When  we  remove  a  portion  of  the  alumina 
from  day,  for  example,  by  treating  it  with  a  strong  acid,  the  silica 
which  is  set  at  liberty  will  dissolve  in  an  alkaline  solution,  which 
would  not  be  the  case  were  the  silica  present  in  the  state  of 
quartzy  sand,  however  fine. 

Pure  clays  are  white,  unctuous  to  the  touch,  stick  to  the 
tongue  when  dry,  and  when  breathed  upon  give  out  an  odour 
which  is  well  known,  and  is  commonly  spoken  of  as  the  argil- 
laceous odour.  This  property  of  dry  day  to  adhere  to  the 
tongue  is  owing  to  its  avidity  for  water.  It  is  known,  in  fact, 
that  dry  clay  brought  into  contact  with  water,  first  swells,  and 
finally  mixes  with  it  completdy.  Duly  moistened  it  forms  a 
tough  and  eminently  plastic  mass.  Exposed  to  the  air,  moist 
day  as  it  dries,  shrinks  considerably,  and  if  the  drying  be  rapid, 
the  mass  cracks  in  all  directions.  It  is  to  an  action  of  this 
kind  that  we  must  ascribe  the  cracks  and  deep  fissures  which 
traverse  our  dayey  soils  in  all  directions  during  the  continuance 
of  great  droughts. 

The  constitutional  water  of  days  is  retained  by  a  very 
powerful  affinity,  and  does  not  separate  under  a  red  heat ;  pure 
day  has  a  specific  gravity  of  about  2.5 ;  but  the  weight  is 
frequently  modified  by  the  presence  of  foreign  matter,  for  it 
contains  sand,  metallic  oxides,  carbonate  of  lime,  carbonate  of 
magnesia,  and  frequently  even  combustible  substances  from 
bitumen  to   plumbago,   all   of    which    admixtures   of    course 
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modify  the  properties  which  are  most  highly  esteemed  in  days, 
such  as  fineness,  whiteness,  infusibility,  &c. 

QiMTtz  is  abundantly  distributed  throughout  nature,  and  is 
met  with  in  very  different  states  in  the  form  of  transparent 
colourless  crystals  constituting  rock  crystal,  as  sand  of  different 
fineness,  finally  in  masses  constituting  true  rocks.  Quartz  is 
the  silica  of  chemists,  and  a  compound  according  to  them  of 
oxygen  and  silicon,  in  the  proportion  Berzelius  says  of  100  of 
the  radical  to  108  of  oxygen. 

Silica  in  a  state  of  purity  occurs  in  the  form  of  a  white  pow- 
der, and  having  a  density  of  2.7.  It  is  infusible  in  the  most 
violent  furnace,  but  it  not  only  melts  in  the  intense  heat  which 
results  from  the  combustion  of  a  mixture  of  hydrogen  and 
oxygen  gas,  but  it  is  even  dissipated  in  vapour.  As  generally 
obtained,  silica  is  held  insoluble  in  water ;  still  when  in  a  state  of 
extreme  subdivision  it  is  soluble ;  and  then  its  insolubility  is  pro- 
bably not  so  absolute  as  is  generally  supposed,  for  M.  Payen  has 
found  notable  quantities  in  the  water  of  the  artesian  well  of  Cre- 
nelle, and  in  that  of  the  Seine.  Silica  exists  especially  in  very 
appreciable  quantity  in  certain  hot  springs  where  the  presence  of 
an  alkaline  substance  favours  its  solution ;  the  water  of  the  hot 
springs  of  Reikum  in  Iceland  contain  about  i^th  parts  of 
its  weight  of  silica ;  and  the  thermal  spring  of  Las  Trinche- 
ras,  near  Puerto  Cabello,  deposits  abundant  silicious  concretions. 
The  water  of  this  latter  spring,  which  is  at  the  temperature  of 
210^  F.,  besides  silica  contains  a  quantity  of  sulphurated  hydro- 
gen gas,  and  traces  of  nitrogen  gas.  Rock  crystal  when  colour- 
less and  transparent  may  be  regarded  as  pure  silica;  in  the 
varieties  of  quartz  which  mineralogists  designate  as  calcedony, 
agate,  opal,  &c.  the  silica  is  combined  with  different  mineral 
substances,  particularly  oxide  of  iron  and  of  manganese,  alumina, 
lime,  and  water. 

Carbonate  of  lime,  considered  as  rock,  belongs  to  every  epoch 
in  the  geological  series,  and  frequently  constitutes  extensive 
masses.  When  pure  it  is  composed  of  lime  56.3,  carbonic  acid 
43.7 ;  and  its  density  is  then  from  2.7  to  2.9.  It  dissolves 
with  effervescence  without  leaving  any  residue  in  hydrochloric  or 
nitric  acid.  Exposed  to  a  red  heat  its  acid  is  disengaged,  and 
quick  lime  remains.     Carbonate  of  lime  is  insoluble  in  water, 
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but  it  dissolves  in  very  considerable  quantity  under  the  influence 
of  carbonic  acid  gas.  When  such  a  solution  is  exposed  to  the 
air  the  acid  escapes  by  degrees,  and  the  carbonate  is  deposited, 
by  which  means  those  numerous  deposits  of  carbonate  of  lime 
are  produced  which  we  see  constituting  tufas  and  stalactites. 
The  solubility  of  carbonate  of  lime  in  water  acidulated  with  car- 
bonic acid,  enables  us  to  understand  how  plants  should  meet  with 
this  salt  in  the  soil,  inasmuch  as  rain  water  always  contains  a 
little  carbonic  acid. 

The  mineral  substances  which  we  have  now  studied  taken 
isolatedly  would  form  an  almost  barren  soil;  but  by  mixing 
them  with  discretion  a  soil  would  be  obtained,  presenting 
all  the  essential  conditions  of  fertility,  which  depend  as  it 
would  seem  much  less  on  the  chemical  constitution  of  the 
elements  of  the  soil  than  on  their  physical  properties,  such  as 
their  faculty  of  imbibition,  their  density,  their  power  of  conduct- 
ing heat,  &c.  It  is  unquestionably  by  studying  these  various 
properties  that  we  come  to  form  a  precise  idea  of  the  causes 
which  secure  or  exclude  the  qualities  we  require  in  arable  soils. 
This  has  been  done  very  ably  by  M.  Schiibler,  and  his  admirable 
paper  will  remain  a  model  of  one  application  of  the  sciences  to 
agriculture.* 

The  researches  of  M.  Schiibler  were  directed  to  the  mineral 
substances  which  are  generally  found  in  soils,  viz. :  1  st.  silicious 
sand ;  2nd.  calcareous  sand ;  3rd.  a  sandy  clay  containing  about 
^ths  of  sand ;  4th.  a  strong  day  containing  no  more  than  about 
^ths  of  sand  ;  5th.  a  still  stronger  clay  containing  no  more  than 
about  fjth  of  sand ;  6th.  nearly  pure  day  ;  7th.  chalk,  or  carbo- 
nate of  lime  in  the  pulverulent  state;  8th.  humus;  9  th.  gypsum; 
1 0th.  light  garden  earth,  black,  friable,  and  fertile,  and  containingin 
100  parts:  day  52.4,  quartzy  sand  36.5,  calcareous  sand  1.8,  calca- 
reous earth  2.0,  humus  7.3;  1 1th.  an  arable  soil  composed  of  clay 
51.2,  silicious  sand  42.7,  calcareous  sand  0.4,  calcareous  earth 
2.3,  humus  3.4 ;  and  1 2th.  an  arable  soil  taken  from  a  valley 
near  the  Jura,  containing  day  33.3,  silicious  sand  63.0,  calca- 
reous sand  1.2,  calcareous  earth  and  humus  1.2,  loss  1.3. 

The  object  of  these  inquiries  was  to  ascertain  1st.  the  specific 
gravity  of  soils ;  2nd.  their  power  of  retaining  water ;  3rd.  their 

*  Schiibler,  Annals  of  French  Agriculture,  vol.  xl.  p.  122,  2nd.  series. 
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consistency ;  4th.  their  aptitude  to  dry ;  5th.  their  disposition  to 
contract  whilst  drying ;  6th.  their  hygrometric  force ;  7th.  their 
power  of  absorbing  oxygen ;  8th.  their  faculty  of  retaining  heat ; 
and  9  th.  their  capacity  to  acquire  temperature  when  exposed  to 
the  sun's  rays. 

Specific  gravity  of  soils.  The  weight  of  soils  may  be  com- 
pared in  the  dry  and  pulverulent  state,  or  in  the  humid  state,  or 
the  spedfic  gravity  of  the  particles  which  enter  into  their  com- 
position may  be  determined.  This  last  information  is  easily 
obtained  by  the  following  method :  take  a  common  ground  stop- 
per bottle,  weigh  it  stoppered  and  full  of  distilled  water ;  let  it 
then  be  emptied,  in  order  that  a  known  quantity  of  the  soil,  in 
the  state  of  powder  and  quite  dry,  may  be  introduced  into  it.  A 
quantity  of  water  is  now  poured  in,  and  the  phial  is  shaken  to 
secure  the  disengagement  of  all  air  bubbles ;  the  phial  is  then 
filled  with  distilled  water,  and  when  the  upper  part  has  become 
dear  the  stopper  is  replaced ;  the  phial  is  then  wiped  dry  and 
weighed  again.  The  difference  between  the  weight  of  the  phial 
full  of  water  plus  that  of  the  matter,  and  the  weight  of  the 
phial  containing  the  matter  and  the  water  mixed,  gives  the 
weight  of  the  water  displaced  by  this  matter.     Thus : 

Weight  of  the  phial  full  of  water         .         .         .         60,0 
Weight  of  the  matter 24.0 

84.0 
Weight  of  the  phial  containing  the  mingled  earth 

and  water        .         ,  ....         74.4 


Difference  of  water  displaced       .        .         .         •  9.6 

which  is  the  weight  of  the  volume  of  water  equal  to  that  of 
the  matter  introduced  into  the  phial ;  we  have  consequently  for 
the  specific  gravity  of  the  earth  J3=  2.5,  the  weight  of  the  water 
having  been  taken  as  1. 

This  number  represents  the  mean  spedfic  gravity  of  the  iso- 
lated partides  of  the  powder  which  has  been  examined.  But  we 
must  not  from  this  density  pretend  to  deduce  the  weight  of  a 
particular  volume  of  soil,  a  cubic  foot  or  a  cubic  yard  for  in- 
stance ;  we  should  come  to  far  too  high  a  number.  The  weight 
of  a  given  volume  of  earth  must  be  determined  immediatdy  by 
ramming  it  into  a  mould  or  measure  of  a  known  capacity. 

From  M.  Schiibler's  experiments  it  appears,  1st.  that  silidous 
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and  calcareous  sandy  soils  are  the  heaviest  of  any ;  2nd.  that  clayey 
soils  are  of  least  density ;  3rd.  that  humus  or  mould  is  of  much 
lower  density  than  day ;  4th.  that  a  compound  soil  being  gene* 
rally  by  so  much  the  heavier  as  it  contains  a  larger  proportion  of 
sand,  and  so  much  the  lighter  as  it  contains  a  larger  quantity  of 
day,  of  calcareous  earth,  and  of  himxus,  it  is  possible  from  the 
density  of  a  soil  to  infer  the  nature  of  the  prindples  which  pre- 
vail in  it.  In  the  course  of  his  experiments  M.  Schiibler  found 
that  artificial  mixtures  always  gave  higher  densities  than  those 
that  ought  to  have  resulted  from  the  several  densities  of  eadi  of 
the  sorts  of  substance  which  formed  the  mixture. 

Imbibition  of  water.  The  power  which  soils  possess  of  retain- 
ing water  or  of  resisting  the  too  rapid  dissipation  of  their  moisture 
is  highly  important  in  its  influence  upon  their  fertility.  This  fa- 
culty is  measured  comparativdy  in  the  following  manner ;  a  given 
quantity  of  soil  is  taken,  say  from  3  to  400  grains ;  it  is  dried 
until  it  ceases  to  lose  weight ;  it  is  then  made  into  a  thin  paste 
and  thrown  upon  a  moistened  filter;  when  it  has  ceased  to 
drop  it  is  weighed.  The  increase  of  weight  is  plainly  due  to 
the  quantity  of  water  retained  by  the  soil,  thus : 

Weight  of  the  dry  soil    ....     300.0 
Weight  of  the  moistened  filter         •         .       75.0 

375.0 
Weight  of  the  filter  and  moistened  earth  .     525 
Water  absorbed 150 

In  the  experiment  quoted,  100  of  dry  earth  absorbed  or 
imbibed  50  of  water.  The  following  table  contains  the  result 
of  experiments  made  on  the  imbibing  power  of  different  soils. 

„,  ^    ^  Water  •b«)rbed  by 

Kind  of  earth.  lOo  parU  of  the  earth. 

Silidous  sand      .         ,         ,         .         .25 

Gypsum 27 

Calcareous  sand  .         .         .         .29 

Sandy  clay 40 

Strong  clay  .  .  ,  .  ".  50 
Sandy  clay  .....  70 
Fine  calcareous  earth  .  .  .85 
Humus 190 
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Water  abtortwd  by 
Klodofeutli.  lOOparUoftiMeutli. 

Ghutleii  earth       .        *        •        •        .89 

An  arable  soil 52 

Another  arable  soil       •        •        •        .48 

It  appears,  therefore,  that  the  silicions  and  calcareous  soib 
and  the  gypsum  have  the  least  affinity  for  water ;  the  clayey 
soil  retained  by  so  much  the  more  as  it  contained  a  smidler 
quantity  of  sand;  the  fine  calcareous  earth  retained  15  per 
cent,  more  than  the  pure  day;  whilst  the  calcareous  sand  re- 
tained 41  per  cent.  less.  This  fact  proves  how  much  the  state 
of  sub-division  must  influence  the  physical  properties  of  soils ; 
and  it  is  easily  to  be  understood  that  in  noting  the  presence  of 
calcareous  matter  in  an  arable  soil  we  are  carefully  to  indicate 
the  form  and  degree  of  sub-division  in  which  it  occurs ;  humus, 
however,  is  the  substance  which  shows  itself  most  greedy  of 
moisture,  and  we  perceive  fix)m  this  fact  wherefore  soUs  rich  in 
this  principle  have  so  strong  an  aflSuiity  for  water. 

Consistence^  tenacity,  fiidbility  of  soils.     The  consistence 
or  tenacity  of  soils  is  an  important  property  which  agriculturists 
indicate  when  they  speak  of  soils  being  strong  or  stiff,  and 
light,  the  amoimt  of  power  expended  in  ploughing  being  taken 
as  a  measure  of  these  qualities.  To  compare  different  soils  under 
the  point  of  view  of  their  tenacity  in  the  dry  state,  M.  Schiibler 
moidded  various  kinds,  duly  moistened,  into  equal  and  similar 
paraUelopipedes.     When  these  solids  were  completely  dry,  he 
placed  either  extremity  upon  a  fixed  support,  and  by  means  of 
the  scale  of  a  balance  hung  exactly  from  the  middle  of  the 
prisms,  he  added  weights  gradually  imtil  they  gave  way ;  the 
weight,  supported  by  each  parallelepiped  immediately  before  it 
broke,  expressed  its  tenacity. 

In  working  a  damp  soil  we  have  not  only  to  overcome  its  force 
of  cohesion,  but  fiirther  and  principally  to  get  the  better  of  its 
adhesion  to  our  implements.  This  consideration  led  M.  Schiib- 
ler to  estimate,  dways  comparatively,  the  power  which  it  is 
necessary  to  expend  in  working  soils  of  different  descriptions. 
As  the  material  which  enters  into  the  construction  of  agricul- 
tural instruments  is  in  general  iron  and  wood,  he  did  no  more 
than  ascertain  the  disposition  of  the  soil  to  adhere  to  these  two 
substances.     In  the  experiments,  the  results  of  which  we  shall 
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immediately  detail,  two  discs  were  employed,  one  of  iron,  the 
other  of  beech-wood,  having  equal  surfaces.  The  disc  was  con- 
nected with  the  extremity  of  the  arm  of  a  very  delicate  balance ; 
it  was  then  brought  into  perfect  contact  with  the  moist  soil,  and 
when  it  adhered,  the  opposite  scale  of  the  balance  was  loaded 
until  the  adhesion  was  overcome.  In  experiments  of  this  kind 
it  is  obviously  indispensable  that  the  soil  in  each  instance  should 
have  the  same  degree  of  humidity ;  they  were  tried,  consequently, 
at  the  point  of  saturation  with  water. 

Pure  dry  clay  possessed  the  greatest  tenacity,  and  its  power 
was  expressed  by  the  number  1 00 ;  the  tenacity  possessed  by 
other  matters  was  then  compared  to  that  of  pure  clay.  The 
following  table  exhibits  the  results  of  the  two  series  of  experi- 
ments, viz.  those  having  reference  to  the  tenacity  and  those 
having  reference  to  the  force  of  cohesion. 


Vertical  adhesion 

KindofioU. 

Tenacity  of  aoU, 

that  of  pure  clay 

being  100. 

Tenacity  ezpreM- 
ed  in  weight. 

Cohesion  In  the 
moUt  itate. 

to   Iron  and    to 

wood  on  a  surface 

of  3937  iquare 

Inches. 

kil. 

kU. 

kU.* 

SiliciouB  sand 

0. 

0. 

0.17 

0.19 

Calcareous  sand 

0. 

0. 

0.19 

0.20 

Fine  calcareous  earth 

5.0 

0.55 

0.65 

0.71 

Qjpfsiim 

7.3 

0.81 

0.49 

0.53 

Humus 

8.7 

0.97 

0.40 

0.42 

Sandy  clay 

57.3 

6.36 

0.35 

0.40 

Stiff  clayey  soil 

68.8 

7.64 

0.48 

0.52 

Strong  clay 

83.3 

9.25 

0.78 

0.86 

Pure  clay 

100.0 

11.10 

1.22 

1.32 

Ghurden  earth 

7.6 

0.84 

0.29 

0.34 

Earth  from  Hoffwyll 

33.0 

3.66 

0.26 

0.28 

Earth  from  the  Jura 

22.0 

2.44 

0.24 

0.27 

M.  Schiibler  finds,  from  his  experiments,  that  a  dry  soil  is 
very  easily  worked  when  its  tenacity  does  not  exceed  10,  that 
of  pure  day  being  100  in  the  moist  state.  Soils  are  further 
worked  with  ease  when  their  adherence  to  a  surface  3.937  inches 
square  is  represented  by  a  weight  of  from  0.15  to  0.30  kil.; 
L  e.  from  0.380  to  0.760  or  nearly  Jrd  to  |ths  of  a  lb.  avoird. ; 

*  The  abbreviate  kil.  in  the  above  table  signifies  killogramme,  a  weight 
equal  to  2.21bs.  avoirdupoise.  As  the  weights  are  principally  interesting  in 
their  relations  to  one  another,  it  has  not  been  thought  necessary  to  reduce 
them  to  English  weights. 
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the  latter  term  passed,  the  difRcuIty  of  working  increases  rapidly, 
and  a  very  considerable  force  is  required  when  the  adherence  to 
the  same  surface  amounts  to  0.70  kil.  or  l.840lbs.  avoird. 

The  tenacity  of  a  wet  soU  is  not,  however,  in  the  direct  ratio 
of  its  faculty  of  imbibition.  Loams  and  loose  calcareous  soils 
which  absorb  much  more  water  than  clay  are  nevertheless  much 
less  tenacious  ;  and  then  water  actually  makes  sandy  soils 
stiffer  than  they  are  when  dry. 

Every  practical  farmer  knows  how  much  more  friable  stiff  wet 
soils  become  from  the  effects  of  frost.  The  water  in  expanding 
as  it  becomes  solid  pushes  apart  the  molecules  of  the  soil,  and  it 
is  to  this  action  that  the  advantages  of  autumn  ploughing  are 
with  justice  ascribed.  M.  Schiibler  found  that  the  cohesion 
of  a  stiff  clay,  which  was  equal  to  68  fell  to  45,  when  before  it 
was  tried  the  clay  was  exposed  to  the  frost. 

Disposition  of  the  soil  to  become  dry.  The  faculty  of  throw- 
ing off  by  evaporation  any  excess  of  water  with  which  it  may  be 
charged,  is  as  essential  to  constitute  a  good  soil  as  is  that  of  re- 
taining moisture  in  due  proportion.  Those  soils  which  throw 
off  too  slowly  the  excess  of  moisture  they  have  acquired  during 
the  winter,  occasion  much  trouble  to  the  husbandman.  They 
are  perfectly  unworkable  in  the  spring,  and  consequently  can 
only  be  sown  very  late.  M.  Schiibler  tried  the  retentive  powers 
of  the  soil  by  the  following  method.  A  metallic  disc,  furnished 
with  a  narrow  rim,  was  suspended  to  the  arm  of  a  balance. 
Over  this  disc,  the  soil  to  be  tried  and  previously  brought  to  the 
point  of  saturation  with  moisture,  was  spread  as  evenly  as  pos- 
sible. The  weight  of  the  disc  thus  charged  was  noted,  and  it 
was  weighed  anew,  after  having  been  kept  for  four  hours  in  a 
temperature  of  18.75^  cent.  (65.75^  Fahr.)  The  weight  of 
the  water  lost  by  evaporation  was  obtained  by  a  second  weighing ; 
the  complete  desiccation  of  the  soil  was  then  completed  in  the 
stove.     The  following  is  the  detail  of  one  operation : 

Weight  of  the  moist  earth         •         .         .         .310 
Weight  after  four  hours'  exposure  to  the  air        .260 

Water  evaporated     ......       50 

Weight  of  the  moist  earth         ....     310 
Weight  after  complete  desiccation     .         .         .     200 


Whole  quantity  of  water  contained  in  the  soil  tried     1 10 
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Thus  100  of  water  of  imbibition  lost  45.5  during  exposure  to 
the  air  for  4  hoiu^  at  a  temperature  of  about  66^  Fahr.  A 
more  severely  accurate  method  might  readily  be  contrived,  but 
that  employed  by  M.  Schiibler  appears  sufficient  for  ordinary 
purposes.  His  results,  in  regard  to  the  different  kinds  of  soil  he 
tried,  are  these : 


Kindf  of  loil. 

Silicious  sand 

« 

100  parts  of  the  water 
coatalned  ia  the  loU  loae 
in  the  course  of  4  hoars 
at  06  deg.  Fahr. 

.      88.4 

Calcareous  sand 

75.9 

Grypsum     . 
Sandy  clay 
Stiffishday 

•                  a 

71.7 
52.0 
45.7 

Stdffclay   . 

34.9 

Pure  clay  . 

31.9 

Calcareous  soil 

28.0 

Humus 

20.5 

Ghurden  earth 

24.3 

Arable  soil  of  Hoffwyll 

32.0 

Arable  soil  of  th( 

3  Jurs 

I 

40.1 

Of  all  the  substances  examined,  sand  and  gypsum  are  ob- 
viously those  which  allow  the  water  to  pass  off  most  rapidly  by 
evaporation.  The  calcareous  or  chalky  soil  again  has  a  high 
retentive  power ;  but  it  varies  much  in  different  instances,  appa- 
rently in  consequence  of  different  degrees  of  fineness ;  it  is 
however  surpassed  by  humus,  and  the  garden  soil  which  was 
tried.  Humus  is  therefore  at  the  head  of  the  list  of  substances 
in  reference  to  retentive  properties. 

All  soils  shrink  more  or  less  in  drying,  and  form  cracks,  in  the 
way  already  indicated ;  the  shrinking  has  been  estimated  by 
means  of  prisms  of  soils  measured  in  the  moist  state,  and  after 
being  dried  in  the  shade  : 

Kind  of  soil.  100  parts  cube  shrink  to 

Carbonate  of  lime  in  fine  powder  .  950 

Sandy  clay 940 

Stiffish  clay 911 

Stiff  clay 886 

Pure  clay 817 

Humus 846 

Garden  earth 851 

Arable  soil  of  Hoffwyll       .         .         .  880 

Arable  soil  of  Jura    .        •         .        •  905 


HY6R0METRIC   POWER   OF  SOILS* 
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Gypsum,  silicious,  and  calcareous  sand  do  not  appear  in  this 
table,  because  they  do  not  shrink  in  drying.  The  humus  ap- 
pears to  have  shrunk  the  most ;  and  dry  humus  is  liable  to 
swell  in  the  same  proportion  when  it  is  moistened.  This  pro- 
perty explains  the  obvious  elevation  of  certain  turfy  or  mossy 
soils  at  the  period  of  the  rains. 

Hygrometric  property  of  soils.  Agriculturists  allow  that 
those  soils  which  have  the  property  of  attracting  moisture  from 
the  atmosphere  are  generally  among  the  most  fertile.  This 
hygrometric  property  must  not  be  confounded  with  that  in  virtue 
of  which  moistiu'e  is  retained.  It  appears  to  depend  especially 
on  the  porousness  of  a  soil,  and  probably  also  in  some  degree 
on  the  deliquescent  salts  which  it  contains,  even  in  very  small 
quantity.  Davy  was  disposed  to  regard  the  hygrometric  pro- 
perty of  soils  as  a  certain  index  of  their  good  quality ;  and  the 
experiments  of  M.  Schiibler  upon  the  point,  all  tend  to  conJSrm 
the  accuracy  of  this  view.  In  M.  Schlibler's  experiments,  the 
increase  of  weight  of  dry  soils  was  ascertained  by  exposing  them 
for  a  certain  time  in  an  atmosphere  kept  at  the  point  of  satu- 
ration with  moisture,  and  at  the  same  temperature,  between 
60^  and  65^  Fahr. : 


500  centimmmes,   or   77.166    mlns   troy,  of 

■oil  spread  upon  b  torfKe  of  36,000  mUUm^trei, 

or  141.48  square  inches,  absorbed  in. 

Kind  of  solL 

12  hours. 

24  hours. 

48  hours.       73  hours. 

Grains. 

Grains. 

Grains. 

Grains. 

Silicious  sand  . 

0 

0 

0 

0 

Calcareous  sand 

.154 

.231 

.231 

.231 

Gvpsum 

0.077 

0.077 

0.077 

0.077 

•>*  X 

Ldfi^ht  clay 

1.617 

2.002 

2.156 

2.156 

Stiffish  clay    . 

1.925 

2.310 

2.618 

2.695 

Strong  clay     . 

2.310 

2.772 

3.080 

3.157 

Pure  clay 

2.849 

3.234 

3.696 

3.773 

Chalky  soil  in  fine  powder 

2.002 

2.387 

2.695 

2.695 

Humus   .... 

6.160 

7.469 

8.470 

9.240 

Garden  earth  .         • 

2.695 

3.465 

3.850 

4.004 

Arable  soil  of  HoflFwyll     . 

1.232 

1.771 

1.771 

1.771 

Arable  soil  of  Jura  . 

1.078 

1.463 

1.540 

1.540 

From  the  results  comprised  in  the  preceding  table,  we  may 
conclude ;  iSrst,  that  the  faculty  of  absorbing  lessens  as  soils  ac- 
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quire  moisture ;  second,  that  humus  is  the  most  hygroraetric  of 
sjl  the  substances  examined ;  third,  that  the  clays  which  absorb 
the  largest  quantity  of  moisture  are  those  which  contain  the 
smallest  proportion  of  sand ;  and  fourth,  that  silicious  sand  and 
gypsum  do  not  absorb  moisture  in  any  appreciable  quantity. 

Absorption  of  oxygen  gas  by  arable  soils,  Humboldt  had 
already  observed,  before  the  year  1793,  that  argillaceous  soils, 
the  lydian  stone,  certain  schists,  and  humus,  deprived  the  air 
of  its  oxygen.  He  had  also  observed  that  the  sides  of  the  large 
cavities  dug  in  the  salt  mines  of  Saltzburg,  absorbed  this  gas, 
and  thus  rendered  the  stagnant  atmosphere  of  the  workings 
irrespirable  and  incapable  of  supporting  combustion.  Finally, 
this  illustrious  observer  had  satisfactorily  ascertained,  at  the  same 
period,  that  earth  taken  from  the  galleries  of  these  mines,  only 
became  fertile  after  having  been  exposed  to  the  atmosphere  for  a 
considerable  length  of  time.  I  have  quoted  these  curious  obser- 
vations, because  they  are,  so  far  as  I  know,  the  iSrst  which  es- 
tablished the  necessity  of  the  presence  of  oxygen  in  the  interstices 
of  the  soil,  or,  as  M.  Humboldt  then  said,  and  indeed  as  may 
still  be  maintained,  the  utility  of  a  previous  oxidation  oi  the 
soil. 

All  our  agricultural  facts  indeed  confirm  this  view  of  the 
necessity  of  air  in  the  interstices  of  the  soil  that  is  destined  for 
the  growth  of  vegetables.  When  by  ploughing  very  deeply,  for 
example,  we  bring  up  a  portion  of  the  subsoil  into  the  arable 
layer,  in  order  to  increase  its  thickness,  we  always  lessen  the  fer- 
tility of  the  ground  for  a  time ;  in  spite  of  the  action  of  manures, 
and  of  any  treatment  we  may  adopt,  a  certain  time  must  elapse 
before  the  subsoil  can  produce  an  advantageous  effect ;  it  is  ab- 
solutely necessary  that  it  have  been  exposed  to  the  atmospheric 
influences,  and  it  is  then  only  that  deep  ploughing,  which  gives 
the  arable  layer  a  greater  thickness,  pays  completely  for  the 
expense  it  has  occasioned. 

I  am  disposed  to  ascribe  the  absorption  of  oxygen  gas  by 
clayey  soils  to  the  oxide  of  iron,  which  they  almost  always 
contain,  and  which  is  in  the  minimum  state  of  oxidation,  when 
the  clay  lies  at  a  certain  depth.  In  the  performance  of  some 
soundings  in   a   tertiary  soil  of  the  department  of  the  lower 
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Rhine,  which  I  performed  in  1822,  I  had  occasion  to  observe 
that  the  clays  brought  up  white  by  the  borer,  very  speedily 
became  blue  by  exposure  to  the  air ;  and  that  in  gaining  colour 
they  condensed  oxjgen.  I  propose  returning  upon  this  fact  to 
show  the  important  part  which  this  simple  superoxidation 
probably  plays  in  the  amelioration  of  soils.* 

M.  Schiibler  again  has  studied  the  action  of  oxygen  gas  upon 
the  component  parts  of  arable  so3s,  and  according  to  him  the 
absorption  of  this  gas  cannot  be  doubted ;  it  is  very  trifling  in 
connexion  with  sand  and  gypsum,  very  decided  as  regards  clay, 
loam,  and  humus.  As  M.  de  Humboldt  and  M.  de  Saussure 
had  already  done,  M.  Schiibler  observed  humus  to  change  a 
portion  of  the  oxygen  which  it  fixed  into  carbonic  acid ;  but  in 
general  the  other  substances  or  soils  or  elements  of  soils  upon 
which  he  experimented  appeared  to  absorb  the  oxygen  by  the 
intermedium  of  the  protoxide  of  iron,  from  which  they  are  never 
altogether  free.  Besides  this  cause  due  to  the  superoxidation  of 
a  metal,  M.  Schiibler  thinks  that  a  certain  portion  of  the 
oxygen  disappears  by  condensation  within  the  pores  of  some 
soils ;  and  in  support  of  his  opinion  he  appeals  to  the  admincble 
observations  of  M.  de  Saussure,  on  the  condensation  of  the 
gases  by  porous  bodies.  Starting  from  the  fact  that  the  roots 
of  plants  require  the  presence  of  oxygen  in  order  to  thrive,  he 
ascribes  a  greater  power  to  the  gases  compressed  or  condensed 
within  the  interstices  of  the  soil.  But  the  action  of  the  air  upon 
the  roots  of  vegetables  is  readily  conceivable  in  soils  of  a  loose 
nature,  especially  if  they  have  been  sufficiently  worked,  without 
the  necessity  of  having  recourse  to  such  an  explanation. 

Capacity  of  soils  for  heat.  The  quantity  of  heat  which  a 
soil  ¥nll  receive,  retain,  or  throw  off  in  a  given  time,  depends 
upon  the  conducting  power  which  it  possesses.  M.  Schiibler 
endeavoured  to  measure  this  power  comparatively  by  measuring 

*  Austin  proved,  that  during  the  oxidation  of  metallic  iron  under  water 
there  is  a  constant  production  of  ammonia.  Certain  experiments  com- 
menced some  time  ago,  and  which  I  still  continue,  will  establish  in  the  most 
precise  manner,  as  I  hope,  the  fact  that  this  formation  of  ammonia  likewise 
takes  place  during  the  passage  of  the  protoxide  of  iron  to  the  state  of 
hydrated  peroxide.  The  theoretical  conclusions  deducible  from  this  fact 
and  the  economic  applications  which  may  flow  from  it  must  be  obvious. 
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the  rates  of  cooling.  In  a  vessel  of  the  capacity  of  595  cubic 
oentimetres  or  234.2  cubic  inches  filled  with  the  substance  to 
be  tried,  a  thermometer  was  placed  with  its  bulb  in  the  centre. 
The  temperature  having  been  brought  up  to  62.5^  C.  (144.5® 
Fahr.)  the  time  was  noted  which  each  substance  required  to 
&U  to  21.2®  C.  or  about  70®  Fahr.  the  temperature  of  the  siu*- 
rounding  air  being  16.2®  C.  or  about  61®  Fahr. 


Time  wbich  234.2 

cubic    inchea    of 

Power  of  retaining 

aoil    required    to 
cool  fW>in   144"  to 

Kind  of  foil. 

beat,  that  of  cal. 

70*    Fahr.      The 

careona  aand  being 
100. 

temperature  of  the 

•unrounding      air 

being    about    61» 

Fahr. 

h.  m« 

Calcareous  sand    . 

1000 

3.30 

Silidous  Aand 

95.6 

3.27 

Gjrpsum 

73.2 

2.34 

Sandy  clay    . 

76.9 

2.41 

Stiffiflh  day  . 

71.1 

2.30 

Stiffday       . 

68.4 

2.24 

Pure  day 

66.7 

2.19 

Calcareous  soil 

61.8 

2.10 

Humus 

49.0 

1.43 

Garden  earth 

64.8 

2.16 

Arable  soil  of  Hofiwyll 

70.1 

2.27 

Arable  soil  of  the  Jura 

74.3 

0.36 

The  general  observations  which  these  experiments  suggest 
are  that  for  equal  volumes  calcareous  or  silicious  sand  possesses 
greater  powers  of  retaining  heat  than  any  of  the  other  sub- 
stances tried.  This  fact  explains  the  high  temperature  and  the 
dryness  which  sandy  soils  maintain  even  during  the  night  in 
summer.  Humus  is  obviously  the  substance  which  possesses 
the  highest  conducting  powers. 

Degrees  in  which  soils  become  heated  under  exposure  to  the 
sun.  There  is  no  one  who  has  not  had  occasion  to  observe  the 
high  temperature  which  bodies  acquire  when  exposed  to  the  rays 
of  the  bright  sun.  There  are  some,  such  as  dry  sand,  slates, 
and  certain  coloured  rocks,  which  become  burning  hot.  It  is  by 
the  heat  of  the  sun  that  the  soil  before  it  is  shaded  by  the  leaves 
and  stems  of  plants  rises  in  temperature  and  throws  off  the  ex- 
cess of  moisture  which  it  had  imbibed  in  the  winter.  Agrictd- 
turists  all  know  how  different  the  degree  in  which  this  heating 
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takes  place,  even  in  soils  that  are  dose  to  one  another.  A  light 
coloured,  moist,  clayey  soil  will  heat  much  less  than  a  dark  co- 
loured, calcareous,  or  sandy  soil.  The  differences  in  the  heat  ac- 
quired in  various  soils  depend,  1st.  on  the  state  of  their  surface; 
2nd.  on  their  composition ;  3rd.  on  the  quantity  of  water  which 
they  contain ;  and  4th.  on  the  angle  of  incidence  of  the  sun's 
rays.  M.  Schiibler,  by  a  method  which  is  far  from  being  unob- 
jectionable, but  which  may  be  excused,  con^dering  the  difficulties 
of  the  subject,  measured  the  temperature  acquired  by  different  soils 
exposed  to  the  sun  for  the  same  length  of  time,  and  in  circum- 
stances as  nearly  alike  as  possible;  the  numbers  obtained  are 
given  in  the  following  table : 


Soils. 

Highest  tempersture  scqulred  by  the  upper  Isyer, 

toe  mesn  temperatnre  of  the  stmusphecc  behic 

26^  C.  (77<>  F.) 

The  soli  moist,  deflree* 
centigrade. 

the  soil  dry,  deflect 
centlfl^rade. 

Silicious  sand,  yellowish  gre^ 
Calcareous  sand,  whitish  grey 
Bright  gypsum,  whitish  grey  . 
Poor  clay,  yellowish 

Stiflf  clay 

Argillaceous  earth,  yellowish  grey  . 
Pure  clay,  hluish  grey    . 
Calcareous  earth,  white 
Humus,  blackish  grey   . 
Garden  earth,  blackish  grey  . 
Arable  earth  of  Hoffwyll,  grey 
Arable  earth  of  the  Jura,  grey 

37.25  (99®  F.) 

37.38 

36.25 

36.75 

37.25 

37.38 

37.50 

35.63  (96«.1F.) 

39.75  (103».5  F.) 

37.50 

36.88 

36.50 

44.75  (112*.5F.) 

44.50 

43.62 

44.12 

44.50 

44.62 

45.00 

43.00  (109M  F.) 

47.37 

45.25 

44.25 

43.75 

In  comparing  the  circumstances  which  concur  in  assisting  the 
action  of  the  sun's  rays  in  raising  the  temperature  of  the  soil,  it 
appears  that  the  colour  and  moistness  of  the  soil,  and  the  angle 
of  incidence  of  the  sun's  rays  are  the  most  influential ;  they  may 
occasion  differences  in  the  temperature  acquired  of  from  14^  to 
15®  C.  (25®  to  27®  F.)  Tlie  nature  of  the  surface  and  the  com- 
position of  the  soil  are  fitr  from  producing  such  marked  diffe^ 
rences ;  although  according  to  M.  Schiibler  the  effect  of  incli- 
nation is  very  decided,  and  may  occasion  a  difference  to  the 
amount  of  25®  C.  (45®  F.) 
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Agriculturists  dass  soils  according  to  their  fertility  and  the 
cropping  which  they  will  stand  to  advantage.  In  practice  two 
grand  divisions  have  been  adopted :  strong  soils,  and  light  soils ; 
every  soil  belongs  wholly  or  in  part  to  one  or  other  of  these 
divisions. 

In  strong  soils  day  is  the  predominating  element ;  in  light 
soils  it  is  sand  which  prevails.  The  first  are  stiff,  little  perme- 
able, and  slow  in  drying ;  the  second  are  loose,  dry  speedify  and 
readily,  are  permeable  and  less  difficult  to  labour.  Humus  al- 
ways adds  to  the  qualities  of  these  two  kinds  of  soil,  though 
possessed  of  properties  so  opposite ;  but  its  utility  is  especially 
remarkable  in  argillaceous  or  dayey  soils,  the  extreme  stiffness 
of  which  it  diminishes. 

Stiff  or  strong  soils  share  in  the  advantages  and  disadvan- 
tages peculiar  to  day ;  they  absorb  a  great  deal  of  moisture,  and 
they  do  not  dry  readily,  retaining  obstinatdy  a  considerable  quan- 
tity of  water.  The  humus  which  they  contain  and  the  manures 
which  are  spread  upon  them  in  the  course  of  cultivation  remain 
with  them  for  a  long  time,  preserved  as  it  were  from  the  too 
active  agency  of  atmospheric  influences ;  the  fertilizing  power  of 
these  substances  is  further  rardy  interfered  with  by  too  great 
a  degree  of  dryness  in  the  soil.  Neverthdess,  in  very  wet  sea- 
sons and  in  years  of  extraordinary  drought  the  advantages  which 
I  have  enumerated  disappear.  In  wet  seasons  day  lands  become 
immoderately  humid,  sometimes  they  approach  the  state  of  mere 
puddle ;  and  on  the  contrary  under  severe  and  long  continued 
drought  they  become  so  hard  that  the  roots  of  vegetables  can 
no  longer  penetrate  them,  and  then  they  crack  in  all  directions, 
and  the  roots  perish  for  want  of  being  properly  covered.  I 
might  add  that  severe  frost  is  the  cause  of  effects  disadvan- 
tageous in  the  same  degree ;  so  that  very  stiff  days  are  liable 
to  the  same  bad  effects  imder  the  influence  of  two  causes  dia- 
metrically opposed ;  the  great  heat  of  summer  and  the  severe 
cold  of  winter. 

In  such  soils  all  agricultural  operations  are  oflen  impractica- 
ble ;  changed  into  a  liquid  mud,  neither  horse  nor  plough  can  be 
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put  upon  them,  or  baked  into  a  mass  having  the  hardness  of 
stone,  the  share  will  not  penetrate  them. 

Light  soils  rarely  acciunulate  an  excess  of  moisture  in  their 
interstices,  so  that  they  are  liable  to  suffer  under  want  of  rain 
of  even  short  continuance.  They  are  worked  with  infinitely 
greater  ease,  and  at  much  less  expense;  vegetation  upon  them  is 
quicker  and  harvests  earlier ;  but  manure  is  less  profitable  than 
in  clayey  soils,  because  the  rains  dissolve  and  carry  it  away. 

The  ddects  of  these  two  kinds  of  soils  are  precisely  of  a  na-> 
ture  to  compensate  one  another,  and  it  is  in  fact  by  a  mix« 
ture,  or  that  which  is  equivalent  to  a  mixture  of  these  two 
extreme  kinds  of  soil,  that  those  lands  are  formed  which  are  ad- 
mitted to  be  the  best  adapted  to  cultivation  and  the  most  fertile  of 
all.  Messrs.  Thaer  and  Einhoff,  in  submitting  to  mechanical 
analysis  an  immense  niunber  of  arable  soils,  and  in  studying  at 
the  same  time  the  system  of  culture  best  adapted  to  these  soils 
and  to  their  relative  fertilities,  have  given  us  results  of  great 
importance  and  which  may  be  made  the  basis  of  a  practical 
classification  of  arable  soils.* 

An  argillaceous  or  clayey  soil  properly  so  called,  generally 
contains  about  40  per  cent,  of  sand.  If  the  quantity  of  sand 
be  less  than  this,  the  crop  from  such  a  soil  will  be  more  or  less 
precarious  and  the  tenacity  will  be  such  that  considerable 
difficulty  will  be  experienced  and  necessary  expence  incurred  in 
working  Jt;  such  a  clayey  soil  (havmg  at  least  40  per  cent,  of 
sand),  when  it  contains  a  sufficient  quantity  of  humus  and  is 
properly  treated,  may  be  regarded  as  favoiuiible  for  wheat. 
Barley  succeeds  better  than  wheat  when  the  quantity  of  sand  is 
as  low  as  30  per  cent.  With  less  than  30  per  cent,  oats  will 
thrive.  Wheat  may  still  be  advantageously  cultivated  upon 
lands  that  contain  fi*om  40  to  50  per  cent,  of  sand ;  beyond  this 
term,  when  the  soil  contains  fi-om  50  to  60  per  cent  of  sand^  it 
is  more  advantageous  to  grow  barley.  Such  a  soil  will  not  be 
completely  pulverized  by  reiterated  ploughing,  as  will  that  whidi 
contains  a  larger  proportion  of  silicious  matter,  and  it  does  not 
become  hard  and  cracked  under  drought  like  lands  that  are  more 

*  Thaer's  Rational  Principlcfl  of  Agriculture,  (in  FVench),  vol.  uu 
p.  115. 
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essentially  clayey,  because  it  retains  a  sufficiency  of  moisture ;  it 
is  equally  well  adapted  for  trefoil  of  all  kinds,  for  tubers,  for 
plants  with  tap  roots,  and  for  many  other  crops  of  great  mar- 
ketable value,  such  as  cabbage,  flax,  tobacco,  &c.  It  is  almost 
always  accessible,  a  circumstance  which  allows  of  the  greatest 
care  being  bestowed  upon  the  crops  which  are  raised  upon  it. 
Ill  soils  which  yield  on  washing  from  60  to  80  per  cent,  of  sand, 
we  cannot  reckon  securely  on  the  success  of  wheat.  At  70  of 
sand,  it  ceases  to  be  well  adapted  to  the  cultivation  of  this 
grain,  except  with  especial  precautions;  but  it  is  still  well 
adapted  to  barley,  and  it  is  in  such  a  soil  especially  that  rye 
succeeds  best. 

Land  with  such  a  dose  of  sand  is  always  easily  laboured,  but 
it  is  more  apt  to  be  overrun  by  foul  weeds  than  a  soil  that  is 
decidedly  ai^aceous.  Manures  are  speedily  consumed  in  it  for 
the  reason  already  given;  it  is,  therefore,  advantageous  to 
manure  such  land  frequently,  laying  on  less  dung  at  a  time.  A 
soil  having  75  per  cent,  of  sand,  is  qualified  by  Thaer  as  an  oat 
soil,  and  even  up  to  85  per  cent,  of  sand  it  may  be  regarded  as 
suitable  to  this  grain ;  this  term  passed,  nothing  but  rye  or 
buck-wheat  ought  to  be  sown  upon  it,  and  that  only  after  it 
has  had  a  sufficient  dose  of  manure.  The  reiterated  ploughings 
which  some  of  these  sandy  soils  require  to  get  rid  of  the  foul 
weeds  which  rush  up  in  such  quantities  upon  them,  sometimes 
render  them  so  open  that  rye  will  not  succeed.  The  best  course 
is  then  to  lay  them  down  in  grass,  and  allow  them  to  become 
consolidated  by  rest. 

It  is  extremely  difficult,  at  least  in  this  climate  of  ours,  to 
piake  anything  of  soils  that  contain  90  per  cent  of  sand ;  in  times 
of  drought  they  become  true  moving  sands.  As  we  have  already 
shown,  calcareous  matter  may  replace  silicious  sand  in  the  part 
which  it  plays  in  an  arable  soil ;  like  sand,  calcareous  matter 
tends  to  destroy  the  strong  cohesion  of  the  particles  of  clay:  but 
it  appears  that  chalk  or  lime,  especially  when  it  is  in  a  state  ot 
minute  subdivision,  besides  this  effect,  really  contributes  to  the 
amelioration  of  wheat  lands. 

The  following  table  comprises  the  results  obtained  by  Thaer 
and  Einhoff.     I  must  observe,  however,  and  from  causes  which 
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have  been  already  explained  as  influencing  the  determination  of 
the  humus,  that  this  substance  is  evidently  estimated  at  much 
too  high  a  figure  in  several  of  the§e  analyses,  which  deserve  to  be 
made  anew  under  the  precautions  that  are  now  familiariy 
known. 


aoUaanrordlngtocaio. 
porillon. 

Unuliy  deilgnated. 

e 

1 

1 

1 

1 

¥.rlT»il      - 

SaSdr  «il.  hLnl""* 
A>BllL»-oua  laod 

SI™.-,...' 

SlIflna'glUacMuaiand 
SandV'Kr    '-       ' 

%Z  :■   : 

dltta      .        . 

Utadoo  land 
RIcb  barley  land 

WhraUud 

dlllo          .         . 

llB 

40 

•i 

60 

i 
i 

■r 

3 

10 

1 

80 

r, 

no 
80 

S 

1 

9;.» 

S 

6J 

1 
l 

OJ 

IF  '■  '■ 

Schwertz  has  given  a  sumniaiy  of  the  opinions  of  Thaerupon 
the  value  of  different  soils  from  an  eminently  practical  point  of 
view.  Agreeing  with  this  distinguished  agriculturist  that  it  is 
well  to  judge  of  the  soil  by  its  produce,  he  also  forms  a  scale  of 
comparison  after  the  different  kinds  of  grain,  taking  as  extreme 
terms  wheat  and  barley,  the  first  succeeding  in  bad  ai^illaceous 
soils,  the  second  still  growing  in  sandy  soils  of  the  poorest 
description.  In  these  extreme  or  boundary  soils,  wheat  and 
barley  succeed  very  indifferently  indeed ;  hut  between  the  two 
extremes  are  comprised  every  variety  of  sofl  which  results  from 
the  fusion  of  the  strongest  or  stiffest  with  the  lightest  soils,  from 
the  most  tenacious  day  up  to  loose  .sand.  In  these  mixed 
soils  of  intermediate  qualities,  wheat  -and  bariey  gradually  ap- 
proach one  another,  taking  the  place  successively  of  barley,  oats, 
and  buck  wheat,  until  they  meet  in  the  middle  of  the  scale  in  a 
kind  of  neutral  soil,  upon  whidi  every  variety  of  grain  may  be 
grown. 
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Scbwertz  arranged  his  scale  in  the  following  manner  i"^ 

0.  Moving  sand      .         .         .         .0.  Stiff  clay. 

1.  Rye  land  ....     I.Wheatland. 

2.  Rye  and  buck  wheat  land    .         •     2.  Wheat  and  oat  land. 

3.  Rye,  buck  wheat  and  oat  land     .     3.  Wheat,  oat,  and  barley  land. 

4.  Rye,  oat,  and  small  barley  land  •     4.  Wheat  and  large  barley  land. 

5.  Wheat,  rye,  barley,  and  oat  land. 

The  species  of  soil  which  suit  these  different  crops,  are : 

1.  light  dry  sand       .         .         •         .1.  Cold  stiff  clay. 

2.  Moist,  very  slightly  argillaceous  sand     2.  A  lighter  moist  clay 

3.  Argillaceous  sand    .         .         .         .     3.  A  warm  dry  clay. 

4.  Sandy  clay 4.  Rich  clay. 

5.  Clay. 

The  preceding  considerations  are  more  than  sufficient  to  give 
a  precise  idea  of  what  is  to  be  understood  in  r^ard  to  the  com- 
position of  arable  soils.  Nevertheless,  with  a  view  to  making 
the  subject  more  complete,  I  shall  quote  a  few  of  the  analyses 
of  arable  soils  published  by  different  chemists  at  a  time  when  a 
certain  importance  was  attached  to  researches  of  this  kind.  I 
may  remark  generally,  that  from  the  whole  of  the  analyses  of 
good  wheat  lands  which  have  hitherto  been  made,  it  appears  that 
carbonate  of  lime  enters  in  considerable  quantity  into  their  com- 
position ;  and  theory  in  harmony  with  practice,  tends  to  show 
that  it  is  advantageous  to  have  this  earthy  salt  as  a  constituent 
in  the  manures  which  are  put  upon  soils  that  contain  little  or 
no  lime. 

Analysis  of  a  soil  under  the  variety  of  rape  called  colza,  by 
M.  Berthier: 

Silica 78.2 

Alumina 7.1 

Peroxide  of  iron        .         .         .         .4.4 

Lime 1.9 

Magnesia 0.8 

Carbonic  add 1.4 

Water 5.8 

99.6 

This  soil  was  dried  in  the  air,  after  having  been  reduced  to 
powder ;  it  lost  34  per  cent,  by  drying.     It  is  remarkable  that 

*  Precepts  of  Practical  Agriculture  (in  French)  p.  49. 
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it  contains  no  trace  of  organic  matter,  the  rather  as  it  was  hdd 
favourable  for  colewort.  M.  Berthier  believes  that  this  so3 
would  gain  in  fertility  by  the  addition  of  a  certain  quantity  of 
calcareous  matter,  and  M.  Cordier*  explains  its  inability  to 
grow  grain  to  advantage  from  the  deficiency  in  lime.  The  stalk 
of  the  grain  grown  in  this  soil  is  weak,  especially  in  wet 
seasons,  and  the  seed  is  particularly  apt  to  shake  out  when  it  is 
ripe. 

If  the  presence  of  lime  in  a  wheat  soil  is  a  guarantee  against 
loss  by  shaking  in  harvest,  M.  Berthier's  analysis  is  still  fiur 
from  proving  that  the  presence  of  lime  in  a  soil  is  indispensable, 
inasmuch  as  beautiful  wheat  crops  are  grown  in  the  neigh- 
bourhood of  Lisle  without  lime.  In  proof  of  this  fact,  I  shall 
here  cite  the  analysis  of  one  of  the  most  fertile  soils  in  the  world, 
the  black  soil  of  Tchomoizem,  which  Mr.  Murchison  informs 
us  constitutes  the  superficies  of  the  arable  lands  comprised 
between  the  54th  and  57th  degrees  of  north  latitude  along  the 
left  bank  of  the  Volga  as  far  as  Tcheboksar,  from  Nijni  to 
Kasan,  and  stretching  over  a  still  more  extensive  district  upon 
the  Asiatic  side  of  the  Ural  mountains.  Mr.  Murchison  is  of 
opinion  that  this  land  is  a  sub-marine  deposit  formed  by  the 
accumulation  of  sands  rich  in  organic  matters.  The  Tchomoi- 
zem is  composed  of  black  particles  mixed  with  grains  of  sand ; 
it  is  the  best  soil  in  Russia  for  wheat  and  pasturage ;  a  year  or 
two  of  fallow  will  sufiice  to  restore  it  to  its  former  fertility  after 
it  has  been  exhausted  by  cropping ;  it  is  never  manured. 

M.  Payen  found  in  this  bkck  and  fertile  soil : 


Organic  matter 


Silica  ....  71.56 
Alumina  .  .  •  11.40 
Oxide  of  iron  .  .  5.62 
Lime  ....  0.80 
Magnesia  •  .  .1 .22 
Alkaline  chlorides  •  •  1.21 
Phosphoric  acid,  a  trace 
Loss     ....     1.24 


6.95  (containing  2.45  per  cent,  of  azote). 


100.00 
*  On  the  Agriculture  of  French  Flanders^  p.  232,  (in  French). 
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Bergman  gives  the  following  as  the  composition  of  a  fertile 
soil  in  Sweden : 

Carbonate  of  lime  .         .         .30 

Gravel 801 

Silicious  sand       .         .         .         .26  ?Clay 
Alumina 14  J 

100.0 

Several  fertile  soils  of  Senegal,  examined  by  M.  Laugier, 
contained: 


LOCALITIES. 

BaweT. 

Doukitt.         Dtaipie. 

Roio. 

N'Dick. 

Silidous  sand  and  silica 

.     87.0 

72.0        89.0 

78.0 

91.0 

Alumina       •         •        •        < 

,      3.6 

10.0           3.0 

7.0 

1.8 

Oxide  of  iron 

.       3.4 

8.0          3.6 

5.2 

3.0 

Carbonate  of  lime  . 

.    trace 

trace          0.5 

trace 

0.5 

Organic  matter  and  water 

4.4 

10.0          3.6 

9.0 

3.0 

Loss     .... 

.       1.6 

0.3 

08 

0.7 

100.0       100.0       100  0       100.0       100.0 

M.  Flagne,  who  has  studied  the  agriculture  of  the  Coro- 
mandel  coast,  divides  the  soils  he  met  with  there  into  argil- 
laceous or  clayey,  sandy,  and  mixed,  and  gives  their  several 
compositions  as  follows : 


'ArgllUgceoin. 

Sandy. 

Hixt. 

Silica   .... 

22.0 

82.0 

64.0 

Alumina 

59.0 

6.5 

19.5 

Carbonate  of  lime 

3.5 

3.5 

2.5 

Oxide  of  iron 

2.5 

4.0 

4.0 

Phosphate  of  magnesia 

;:}■ 

2  0 

trapc 

Sulphate  of  lime  . 

.  ^  »\j 

Azotised  orgamc  matter 

5.0 

»» 

7.0 

Water  and  loss 

8.0 

2.0 

3.0 

100.0  100.0  100.0 

The  soils  in  which  the  tea  plant  is  grown  in  Assam  and 
China  have  been  examined  by  Mr.  Piddington  ;*  they  contain 
respectively : 

Chinese  iolL       'Assam  soil. 

Silica  and  sand          •         .         .         •  •  76.0  84.8 

Alumina 9.0  4.5 

Oxide  of  iron 9  9  7.0 

Phosphate  and  sulphate  of  lime   .         .  1 .0  traces 

Organic  matter          .         .       ',         .  1.0  1.5 

Water 3.0  2.3 

"99^9  100.1 

*  Robinson,  Account  of  Assam,  p.  130. 
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Sir  Humphry  Davy  found  the  various  soils  most  generally 
cultivated  in  England,  to  have  the  following  composition : 


IHltrlcU. 

1! 

i 

j 

^ri»r5| 

J 

i 

^.. 

^„lyorK»t 
UUMttet 

VHeorthiTeviol 

SiiKburr 

& 

1.; 
ii.« 

■t; 

n 

B 

S7-S 

«^ 

1  i   §.u  oj, 

18 127 1 ;: 

4.S 

Utut,  under  lurolpi 
Very  f«n)le  Kill 
Ki«lle«  grmilng  •oil 

M.  Gasparin  has  published  analyses  of  the  soils  of  the  south 
of  France.  Instead  of  destroying  the  humus  and  organic  mat- 
ter by  calcination,  as  Davy  and  the  generality  of  analysts  did, 
M.  Gasparin  dissolved  out  the  humus  by  means  of  a  strong 
alkaline  solution.  This  method  of  procedure  is,  however,  at 
least  as  liable  to  objection  as  the  other. 


DUWcU. 

B..„ 

Cila- 

Clw. 

^j            .™».          1 

ftomTlior(V«c]u«) 

FnuiIUa..iKvOr>D|> 
OlddcpaltoTthelthiine 

Prom  tlie  plilni  neu  Oniue 
NriitibourhaadorAucb 

7.8 
4.0 

l.t 

82J 

4S.S 

50.0 
48.0 
73,0 

1.1 

z 

ai'o 

UMdUnfwImiMlL 
(  WeUid^ilcdfoiiuddei.whMt, 

B^dwlieitliiiDd. 
r  OoodwIiHtluid,  nTTlndUfkml 

Plt»,l»dfcr=.«lder. 

There  is  an  important  element  which  must  always  be  taken 
into  the  account  in  estimating  the  value  of  soils,  no  matter  what 
their  special  composition,  this  element  is  their  depth  or  thick- 
ness. In  running  a  deepish  furrow  in  a  cultivated  field,  we 
generally  distmguish  at  a  glance  the  depth  of  the  superfidal 
layer,  which  is  commonly  designated  as  the  mould  or  vegetable 
earth ;  this  is  a  layer  generally  impregnated  with  humus,  and 
looser  and  more  friable  than  ttie  subsoil  upon  which  it  rests. 
The  thickness  of  this  superficial  layer  is  extremely  variable ;  it  is 
frequently  no  more  than  about  3  inches ;  but  it  is  also  encountered 
of  every  depth  fiiim  3  or  4  to  1 2  or  1 3  inches.  It  must  be  held 
an  exceptional  and  unusual  case  when  it  has  a  depth  of  3  feet 
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or  more.  Neverthdess,  we  do  meet  with  collections  of  v^table 
soil  of  great  depth,  deposited  by  rivers,  washed  down  into  the 
bottoms  of  valleys,  or  accumulated  on  the  surface,  as  in  the  vir- 
gin forests  or  vast  prairies  of  America.  Depth  of  mould  or 
vegetable  soil  is  always  advantageous ;  it  is  one  of  the  best  con- 
ditions to  successful  agriculture.  If  we  have  depth  of  soil,  and 
the  roots  of  our  plants  do  not  penetrate  sufficiently  to  derive 
benefit  from  the  fertility  that  lies  below,  we  can  always  by  working 
a  little  deeper  bring  up  the  inferior  layers  to  the  siuface,  and  so 
make  them  concur  in  fertilizing  the  soil.  And  independently  of 
this  great  advantage,  a  deep  soil  suffers  less  either  fi-om  excess 
or  deficiency  of  moisture ;  the  rain  that  falls  has  more  to 
moisten,  and  is  therefore  absorbed  in  greater  quantity  than  by 
thin  soils,  and  once  imbibed  it  remains  in  store  against  drought. 

The  layer  upon  which  the  v^etable  earth  rests  is  the  subsoil, 
which  it  is  of  importance  to  examine,  inasmuch  as  the  qualities 
and  consequently  the  value  of  an  arable  soil  have  always  a  cer- 
tain relation  with  the  nature  and  properties  of  this  subjacent 
stratum.  Frequently  and  especially  in  hilly  countries  the  mi- 
neral constitution  of  the  subsoil  is  the  same  as  that  of  the  soil, 
and  any  difference  that  the  former  may  present  is  owing  espe- 
cially to  the  presence  of  humus,  and  to  the  looser  condition 
which  results  from  the  growth  of  vegetables,  fi-om  ploughing, 
&c,  and  not  from  atmospheric  influences.  By  deep  ploughing 
done  cautiously,  the  thickness  of  the  layer  of  arable  land  may 
be  increased  at  the  expense  of  the  subsoil,  and  when  plenty  of 
manure  can  be  commanded  the  operation  wiU  go  on  with  con- 
siderable rapidity.  Still  it  is  maintained,  and  indeed  in  many 
cases  it  is  unquestionable,  that  the  soil  loses  temporarily  some 
portion  of  its  fertility  by  the  introduction  of  a  certain  quantity  of 
the  subsoil,  and  that  under  ordinary  circumstances  several  years 
elapse  before  any  amelioration  becomes  perceptible. 

In  plains,  in  high  table  lands  the  analogy  in  point  of  consti- 
tution between  the  soil  and  subsoil  is  not  so  constant.  In  such 
situations  the  arable  land  is  firequently  an  alluvial  deposit  pro- 
ceeding from  the  destruction  or  disintegration  of  rocks  situated 
at  a  great  distance.  When  the  superior  strata  possess  proper- 
ties that  are  entirely  different  from  the  subsoils,  it  may  be  under- 
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stood  how  the  vegetable  earth  may  be  improved  by  the  addition 
of  a  certain  dose  of  the  subsoil^  and  this  is  the  case  in  which 
the  amelioration  is  the  least  expensive.     The  impermeability  of 
the  subsoil  is  one  grand  cause  of  the  too  great  humidity  of  a 
cultivated  soil.    A  strong  soil,  very  tenacious  through  the  excess 
of  day  which  it  contains,  has  its  disadvantageous  properties  con« 
siderably  lessened  if  the  subsoil  upon  which  it  rests  is  sandy ; 
1st.  from  the  evident  amelioration  which  must  result  from  an 
admixture  of  the  two  layers,  and  next  because  it  is  always  a 
positive  advantage  in  having  a  soil  which  has  a  strong  affinity 
for  water  superposed  upon  a  subsoil  which  is  extremely  per- 
meable.    The  inverse  situation  is  scarcely  less  desirable ;  a  light 
friable  soil  will  have  greater  value  if  it  lies  upon  a  bottom  of  a 
certain  consistency,  and  capable  of  retaining  moisture ;  with  this 
condition,  however,  that  the  clayey  layer  shall  not  be  too  uneven 
in  its  surface,  that  it  shall  not  present  great  hollows  in  which 
water  may  collect  and  stagnate ;  an  impermeable  subsoil  to  act 
beneficially  in  such  circumstances  must  have  a  sufficient  inclina- 
tion to  admit  of  its  draining  itself.     The  most  essential  distinc- 
tion, then,  in  regard  to  the  nature  of  subsoils  is  into  permeable 
and  impermeable.     Acquainted  with  the  nature  of  vegetable 
earth,  it  is  easy  to  judge  of  the  advantages  or  disadvantages 
which  will  be  presented  by  subsoil  having  the  faculty  of  retain- 
ing or  of  permitting  the  escape  of  moisture. 

In  some  situations,  particularly  upon  the  slopes  of  hills,  the 
layer  of  arable  land  is  of  very  limited  thickness,  and  it  is  not  un- 
common to  see  it  lying  upon  rocks  of  the  most  dense  descrip- 
tion, such  as  granite,  porphyry,  basalt,  &c. ;  in  such  circum- 
stances the  substrata  are  imavailable,  and  there  is  nothing  for  it 
then  in  the  way  of  amelioration  except  to  transport  directly  ve- 
getable earth  from  other  situations.  Mica  schist  is  perhaps  the 
least  intractable  rocky  subsoil ;  the  plough  often  penetrates  it,  and 
in  the  long  run  it  becomes  mingled  with  the  arable  layer.  It  is 
generally  agreed  that  limestone  rocks  form  a  less  unfavourable 
substrate.  There  are  in  fact  some  calcareous  rocks  which  ab- 
sorb water,  and  crumble  away,  and  the  roots  of  various  plants, 
such  as  cinquefoin,  penetrate  them  deeply ;  but  there  are  many 
limestone  rocks  so  hard  that  they  resist  all  decomposing  action 
for  a  very  long  period  of  time. 
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The  quaKties  which  we  have  thus  far  sought  to  determine  in 
soils  do  not  depend  solely  on  their  mineral  constitution  or  their 
physical  properties,  nor  yet  on  those  of  the  subsoils  which  sup- 
port them.  These  qualities  to  become  obvious  require  that  the 
soils  shall  be  placed  in  certain  conditions  which  must  not  be  left 
out  of  the  reckoning.  Such  are  those  of  the  climate  enjoyed 
and  of  the  position  more  or  less  inclined  to  the  horizon  in  one 
direction  or  another.  The  precepts  which  we  have  laid  down  are 
especially  applicable  to  the  arable  lands  of  Germany,  England, 
and  France.  But  in  generalizing  it  would  be  proper  to  say  that 
clayey  lands  answer  better  in  dry  climates,  and  light  sandy  soils 
in  countries  where  rains  are  frequent.  Kirwan  made  this  re- 
mark long  ago  in  connexion  with  numerous  analyses  of  wheat 
lands.  The  conclusion  to  which  this  celebrated  chemist  came 
was  this,  that  the  soil  best  adapted  for  wheat  in  a  rainy  country 
must  be  viewed  in  a  very  different  way  with  reference  to  a 
country  where  the  rains  are  less  frequent.  The  fertility  of  light 
sandy  soils  is  notoriously  in  intimate  relationship  with  the  fre- 
quent ML  of  rain.  At  Turin,  for  example,  where  a  great  deal 
of  rain  falls,  a  soil  which  contains  from  77  to  80  per  cent  of 
gand  is  still  held  fertile,  whilst  in  the  neighbourhood  of  Paris^ 
where  it  rains  less  frequently  than  at  Turin,  no  good  soil  con- 
tains more  than  50  per  cent  of  sand.  A  light  sandy  soil  which 
in  the  south  of  France  would  only  be  of  very  inferior  value, 
presents  real  advantages  in  the  moist  climate  of  England.* 
Irrigation  supplies  the  place  of  rain,  and  in  those  countries  or 
situations  where  recourse  can  be  had  to  it,  the  question  in  re- 
gard to  the  constitution  of  soils  loses  nearly  the  whole  of  its  in- 
terest. Land  that  can  be  irrigated  has  only  to  be  loose  and  per- 
meable in  order  to  have  the  whole  of  the  fertility  developed 
which  climate  and  manure  can  confer.  Sandy  desarts  are  sterile 
because  it  never  rains.  Upon  the  sandy  downs  of  the  coasts 
of  the  Southern  Ocean,  a  brilliant  vegetation  is  seen  along  the 
course  of  the  few  rivers  which  traverse  them ;  all  beyond  is  dust 
and  sterility.  I  have  seen  rich  crops  of  maize  gathered  upon 
the  plateau  of  the  Andes  of  Quito  in  a  sand  that  was  nearly 
moving,  but  which  was  abimdantly  and  dexterously  irrigated. 

A  sandy  and  little  coherent  soil  is  by  so  much  the  more  fa^ 

*  Sinclair*8  Practical  Agriculture. 
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vourably  situated  as  it  lies  in  the  least  elevated  parts  of  a  dis-- 
trict;  it  is  then  less  exposed  to  the  effects  of  drought;  any 
considerable  degree  of  inclination  is  unfavourable  to  such  a  soi^ 
inasmuch  as  the  rain  drains  off  too  quickly,  and  because  it  is 
itself  apt  to  be  washed  away.  It  is  to  prevent  this  action  of  the 
rains,  that  the  abrupt  slopes  of  hills  are  generally  left  covered 
with  trees ;  and  the  deplorable  consequences  which  have  followed 
from  cutting  down  the  woods  in  mountainous  countries  are  fami- 
liarly known. 

Strong  soils,  on  the  contrary,  are  better  placed  in  opposite 
circumstances.  A  certain  inclination  is  peculiarly  advantageous 
to  them ;  and,  indeed,  in  working  clayey  lands  that  stand 
upon  a  dead  level,  we  are  careful  to  ridge  them  in  such  a  way  as 
to  favour  the  escape  of  water. 

In  countries  situated  beyond  the  tropics,  where  consequently 
shadows  are  cast  in  the  same  direction  throughout  the  whole 
year,  the  exposure  of  a  piece  of  land  is  by  no  means  matter  of 
indifference.  In  our  hemisphere,  the  lands  which  have  a  consi- 
derable inclination  and  a  northern  exposure,  receive  less  heat 
and  light,  and  remain  longer  wet  than  those  that  slope  towards 
the  south ;  vegetation  consequently  is  less  forward  upon  the 
former  than  the  latter  lands :  but,  on  the  contrary,  the  latter 
are  less  exposed  to  suffer  from  want  of  rain ;  and  it  is  a  fact, 
now  well  ascertained  from  data  collected  in  Switzerland  and  in 
Scotland,  that  the  slopes  which  descend  towards  the  north,  if 
they  be  only  not  too  abrupt,  are  actually  the  most  productive. 
This  kind  of  anomaly  is  explained  by  the  frequence  and  rapidity 
of  the  thaws  which  take  place  upon  slopes  that  lie  to  the 
south.  Frost  when  not  too  intense,  is  certainly  less  injurious  to 
vegetables  than  too  rapid  a  thaw ;  and  it  is  easy  to  understand 
that  in  situations  where,  from  the  mere  effect  of  nocturnal  radia-i 
tion,  vegetables  are  covered  almost  every  morning  through 
the  spring  with  hoar  frost,  a  rapid  thaw  must  take  place  every 
day  immediately  after  the  rise  of  the  sun.  With  a  northern 
exposure,  the  frost  occurs  in  the  same  measure ;  but  the  cause 
of  its  cessation  does  not  operate  so  suddenly,  the  fusion  of  the 
rime  being  effected  by  the  gradual  rise  in  temperature  of  th0 
surrounding  air.     In  other  respects,  it  is  obvious  that  the  adr 
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vantages  and  disadvantages  of  different  exposures  are  connected 
with  the  nature  and  the  constitution  of  soils.  The  same  may  be 
said  with  reference  to  means  of  shelter  from  the  action  of  pre- 
vailing winds.  Stiff  wet  lands  are  much  benefited  by  the  ac- 
tion of  free  currents  of  air ;  o\u*  stiff  soils  at  Bechelbronn  remain 
impracticable  for  o\u*  ploughs  during  but  too  long  a  period  of 
the  spring,  when  they  have  not  been  well  dried  in  the  months  of 
March  and  April  by  strong  winds  from  the  east.  Light  and 
sandy  soils,  again,  require  to  be  well  sheltered.  The  whole  ob- 
ject of  studying  the  soil,  is  its  amelioration ;  the  industry  of 
the  agriculturist  is,  in  fact,  more  effectually  bestowed,  and  exerts 
a  greater  amount  of  influence  upon  the  soil  than  upon  all  the 
other  and  varied  agents  which  favoxu*  vegetation. 

To  improve  a  soil  is  as  much  as  to  say  that  we  seek  to  mo- 
dify its  constitution,  its  physical  properties,  in  order  to  bring 
them  into  harmony  with  the  climate  and  the  nature  of  the  crops 
that  are  grown.  In  a  district  where  the  soil  is  too  clayey  our 
endeavour  ought  to  be,  to  make  it  acquire  to  a  certain  extent 
the  qualities  of  light  soils.  Theory  indicates  the  means  to  be 
followed  to  effect  such  a  change ;  it  sufHces  to  introduce  sand 
into  soils  that  are  too  stiff,  and  to  mix  day  with  those  that  are 
too  sandy.  But  these  recommendations  of  science  which,  indeed, 
the  common  sense  of  mankind  had  already  pointed  out,  are  sel- 
dom realized  in  practice,  and  only  appear  feasible  to  those  who 
are  entirely  unacquainted  with  rural  economy.  The  digging  up 
and  transport  of  the  various  kinds  of  soil  according  to  the  ne- 
cessities of  the  case,  are  very  costly  operations,  and  I  can  quote 
a  particular  instance  in  illustration  of  the  fact :  my  land  at  Be- 
chelbronn is  generally  strong ;  experiments  made  in  the  garden 
on  a  small  scale  showed  that  an  addition  of  sand  improved  it 
considerably.  In  the  middle  of  the  farm  there  is  a  manufactory 
which  accumulates  such  a  quantity  of  sand  that  it  becomes  trou- 
blesome ;  nevertheless,  I  am  satisfied  that  the  improvement  by 
means  of  sand  would  be  too  costly,  and  that  all  things  taken  into  ac- 
count, it  would  be  better  policy  to  buy  new  lands  with  the  capital 
which  would  be  required  to  improve  those  I  already  possess 
in  the  manner  which  has  been  indicated.  I  should  have  no  dif- 
ficulty in  citing  numerous  instances  where  improvements  by 
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mingling  different  kinds  of  soil  were  ruinous  in  the  aid  to 
those  who  undertook  them. 

A  piece  of  sandy  soil,  for  example,  purchased  at  a  very  low 
price,  after  having  been  suitably  improved  by  means  of  day, 
cost  its  proprietor  much  more  than  the  price  of  the  best  land 
in  ike  country.  Great  caution  is  therefore  necessary  in  under- 
taking any  improvement  of  the  soil  in  this  direction, — in  changing 
suddenly  the  nature  of  the  soil.  Improvement  ought  to  take 
place  gradually  and  by  good  husbandry,  the  necessary  tendency 
of  which  is  to  improve  the  soil.  Upon  stiff  clayey  lands  we  put 
dressings  and  manures  which  tend  to  divide  it,  to  lessen  its 
cohesion,  such  as  ashes,  turf,  long  manure,  &c.  But  the  hus- 
bandman has  not  always  suitable  materials  at  his  command,  and 
in  this  case,  which  is  perhaps  the  usual  one,  he  must  endea- 
vour, by  selecting  his  crops  judiciously,  crops  which  shall  agree 
best  with  stiff  soils,  and  at  the  same  time  meet  the  demands  of 
his  market,  to  make  the  most  of  his  land.  In  a  word,  the 
true  husbandman  ought  to  know  the  qualities  and  the  defects  of 
the  land  which  he  cultivates,  and  to  be  guided  in  his  operations 
by  these ;  and  in  fact  it  is  only  with  such  knowledge  that  he 
can  know  the  rent  he  can  afford  to  pay,  and  estimate  the  amount 
of  capital  which  he  can  reasonably  employ  in  carrying  on  the 
operations  of  his  farm. 

In  an  argillaceous  or  clayey  soil,  which  we  have  seen  above 
is  the  best  adapted  for  wheat  in  these  coimtries,  it  would  be 
absurd  to  persist  in  attempting  to  grow  crops  that  require  an 
open  soil.  Clayey  lands  generally  answer  well  for  meadows,  and 
autumn  ploughing  is  always  highly  advantageous  to  them  by 
reason  of  the  disintegrating  effects  of  the  ensuing  winter  frost 

Chalk  occupies  a  large  space  in  recent  formations;  as  a 
general  rule,  the  soil  it  supports  immediately  is  of  no  great 
fertility.  Sir  John  Sinclair  proposed  to  improve  such  soil  by 
growing  green  crops  and  consuming  them  upon  the  spot. 
Properly  treated,  the  chalky  soils  of  England  produce  trefoil, 
turnips,  and  barley,  and  they  are  particularly  adapted  to  cinque- 
foin.  It  is  doubtful  whether  in  France,  where  the  climate  is 
not  so  moist  as  in  England,  chalky  lands  could  be  treated  to 
advantage  on  the  English  plan.  Recent  inquiries  have  shown 
hat  chalk  contains  a  small  quantity  of  phosphate  of  lime,  a  salt, 
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as  we  shall  see  by  and  bye,  whose  presence  is  always  desirable  in 
arable  lands. 

Turf  or  turfy  soils  yield  rich  crops  when  we  succeed  in  con- 
verting the  turf  into  humus.  The  grand  difficulty  in  dealing 
with  turf  is  to  dry  it  properly,  inasmuch  as  it  is  generally  found 
at  the  bottom  of  valleys  or  of  old  lakes  and  swamps.  By  a 
happy  coincidence,  turfy  deposits  frequently  alternate  with  layers 
of  sand,  of  gravel,  of  day,  and  of  vegetable  earth,  which  have 
been  accumulated  at  the  same  epoch.  By  a  mixture,  by  a 
division  of  these  different  materials,  preceded  in  every  case, 
however,  by  proper  draining,  mere  peat  bogs  may  be  turned 
into  good  arable  soil.  Pyritic  turf,  however,  shows  itself  more 
intractable,  it  rarely  yields  anything  of  importance.  To  improve 
such  a  soil  it  is  absolutely  necessary  to  have  recourse  to 
substances  of  an  alkaline  nature  such  as  chalk  or  lime,  wood- 
ashes,  &c.,  which  have  the  property  of  decomposing  the  sulphate 
of  iron  which  is  formed  by  the  efflorescence  of  the  pyrites. 
Turfy  lands  can  also  be  brought  into  an  arable  state,  with  the 
help  of  paring  and  burning.  Scotch  agriculturists,  who  are  very 
familiar  with  reclaiming  land  of  this  kind,  hold,  that  the  best 
method  of  improving  turf  or  bog  lands,  is  to  turn  them  into 
natural  meadows.  Where  the  wet  and  soft  state  of  the  soil 
does  not  aUow  cattle  to  be  driven  upon  it,  the  crop  of  hay 
should  only  be  cut  once,  the  second  crop  should  be  left  standing. 
By  proceeding  in  this  way  mere  bogs  have  been  turned  into 
productive  meadows.*  Turfy  lands  thoroughly  drained  and 
improved,  present  many  advantages  connected  with  their  natural 
but  not  excessive  moistness.  In  the  neighbourhood  of  Ha-, 
guenau,  magnificent  hop  gardens  are  found  upon  bottoms  of  this 
kind ;  madder  also  thrives  in  it  equally  well,  and  for  certain 
special  crops  it  is  in  my  opinion  one  of  the  richest  soils. 

Sandy  soils  do  perfectly  well  in  countries  which  are  not 
exposed  to  long  droughts ;  their  cultivation  is  attended  with  little 
expense,  and  they  grow  excdlent  crops  of  turnips,  potatoes, 
carrots,  and  rye ;  but  it  is  well  to  exclude  clover,  oats,  wheats 
and  hemp,  which  require  a  soil  of  greater  consistence.  In 
southern  countries,  a  system  of  irrigation  is  absolutely  necessary, 

*  Sinclair,  Practical  Agricolture. 
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in  oonnexion  with  the  cultivation  of  sandy  soils  if  they  are  not 
watered,  they  remain  nearly  barren  ;  the  only  mode  of  making 
them  productive  is  to  lay  them  out  in  plantations  of  timber. 

Those  moving  sandy  plains  of  great  extent,  which  are  found 
in  the  interior  of  many  continents,  seem  at  first  sight  stricken 
with  eternal  barrenness.     Nevertheless,  the  mobility  of  the  sand 
of  the  desart,  which  permits  it  to  be  swept  hither  and  thither, 
and  to  be  tossed  about  like  a  liquid  mass,  depends  less  upon  the 
total  absence  of  argillaceous  particles  than  upon  the  want  of 
the  moisture  necessary  to  agglutinate  or  to  fix  its  grains.    The 
burning  steppes  of  Africa  and  America  have  their  oases  here  and 
there,  the  surface  of  which,  moistened  by  a  spring,  is  green  with 
vegetation;  and  whenever  sandy  plains  are  bathed  by  a  river,  it  is 
possible   to   render   them   fit   for   cultivation.      In  Spain,  for 
instance,  in  the  neighbourhood  of  San  Lucar  de  Baromeda,  a 
powdery  soil  of  extreme  dryness  has  been  fertilized  by  the  hand 
of  man.     The  mammillated  downs  of  San  Lucar  are  covered 
on  the  surface  by  a  layer  of  quartzy  sand,  so  loose  that  it  is 
blown  about  by  the  wind ;  but  by  a  happy  disposition  of  things, 
a  lower  stratum  of  these  downs  is  kept  constantly  moist  by  the 
waters  of  the  Guadalquiver,  and  it  is  only  necessary  to  remove 
the  superficial  sand,  and  to  level  the  surface  in  order  to  have 
a  loose  soil  which  imites  in  the  highest  degree  two  essential 
conditions  of  fertility,  viz :  openness,  and  a  constant  supply  of 
moisture,  which  penetrates  the  soil  in  virtue  of  its  permeability  ; 
under  the  influence  of  a  fine  climate  and  manure,  the  mar- 
ket  gardens   established   in  the  midst  of   this  desart  are  re- 
markable for  the  rapidity  and  the  vigour  of  their  vegetation.' 
To  avoid  great  expense,  the  labour  of  removing  the  sand  is 
only  undertaken  in  places  where  the  layer  is  least  thick ;  and 
what  is  removed  being  heaped  up  as  a  mound  around  the  soil 
which  is  cleared,  a  kind  of  boundary  wall  is  formed,  which  is  not 
without  its  use  in  afibrding  shelter,  and  which  becomes  pro- 
ductive itsdf  by  the  plantations  of  vines  and  fig  trees  that  are 
made  upon  it  with  a  view  mainly  to  its  consolidation.     In  the 
same  way  in  Alsace,  in  the  plains  of  Haguenau,  the  soil  which 
was  a  moving  desart  of  sand,  has,  in  the  course  of  less  than 
forty  years,  become  one  of  the  most  fertile  under  the  influence 
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of  inoessant  cultivation ;  in  the  same  way  also  it  is  that  in 
Holland^  mountains  of  sand,  which  had  been  accumulated  by 
the  winds,  have  been  fixed.  This  sand,  which  rests  upon  a  wet 
bottom,  draws  up  the  moisture  by  capillary  attraction,  and  so 
becomes  fit  to  support  certain  vegetables.  These  downs,  which 
may  be  said  to  have  come  out  of  the  sea,  have  a  constant  ten* 
dency  in  many  places  to  encroach  upon  the  cultivated  lands.  To 
oppose  their  progress,  the  Dutch  sow  them  with  the  arundo 
arenaria,  the  long  and  creeping  roots  of  which  bind  together  the 
moving  mass  and  imprison  the  particles  of  sand  within  a  kind  of 
net  work.  These  masses  of  sand  become  fixed  in  this  way ;  but 
they  remain  nearly  or  altogether  unproductive  • 

It  is  therefore  a  problem  of  the  highest  importance  in  many 
instances  to  fix  permanently  masses  of  sand  blown  up  from  the 
sea,  by  covering  them  with  productive  plantations.  This  problem 
was  studied  and  successfiilly  resolved  by  M.  Bremontier,  a  French 
engineer,  who  by  sagacity  in  the  choice  of  means  and  perse- 
verance in  their  employment  gave  a  complete  and  practical 
solution  of  the  question  among  the  downs  of  the  Gulf  of 
Gascony.* 

The  downs  formed  by  the  sand  which  is  thrown  up  by  the 
ocean  between  the  mouths  of  the  Adour  and  the  Girond,  occupy 
a  surface  of  75  square  leagues  and  have  a  mean  elevation  of 
from  60  to  70  feet.  They  form  a  multitude  of  hillocks,  which 
appear  connected  by  their  bases,  the  crowns  of  many  of  them 
rising  to  a  height  of  1 60  feet  and  upwards.  Under  the  influence 
of  the  prevailing  west  winds,  these  masses  of  sand  move  with  a 
mean  celerity  of  about  80  feet  per  annum,  covering  forests  and 
villages  in  their  progress.  A  part  of  the  little  town  of  Mimizan 
is  already  invaded,  and  it  has  been  calculated  that  in  the  course 
of  twenty  centuries,  things  proceeding  at  their  present  rate^ 
the  rich  territory  of  Bordeaux,  will  have  completely  disappeared. 
In  their  progress  these  moving  masses  of  sand  choke  up  the 
beds  of  rivers,  and  increase  the  disastrous  effects  they  produce 
otherwise  by  causing  formidable  inundations. 

The  sands  of  the  Gulf  of  Gascony,  like  those  of  Holland 
and  the  Low  Coimtries,  are  not  altogether  without  moisture ;  a 

*  Annals  of  French  Agriculture,  vol.  xxvii.  p.  145. 


ARREST   OF   MOVING    SANDS.  307 

very  short  way  below  the  surface  they  are  moist,  and  even  pre- 
sent a  certain  degree  of  cohesion.  This,  in  fact,  might  have 
been  predicated,  for  otherwise  the  wind  which  brings  them  from 
the  sea  would  have  dispersed  them  in  clouds  of  dust  and  to  great 
distances ;  but  no  such  dispersion  takes  place.  Downs  advance 
slowly,  at  the  rate  already  indicated,  and  by  rolling  over,  as  it  were, 
upon  themselves.  The  sand  driven  by  the  wind  creeps  up  on  the 
flanks  of  the  ridges  as  upon  an  inclined  plane;  after  having  got  over 
the  summit  of  the  hillocks  already  formed,  it  falls  down  the  oppo- 
site slope,  and  accumulates  at  the  base.  The  action  of  the  wind 
is  only  exerted  upon  so  much  of  the  sand  as  is  rendered  loose 
and  moveable  by  its  dryness ;  but  the  moist  part  is  exposed,  dried, 
and  swept  away  in  its  turn;  in  this  way  the  whole  mass  of 
sand  which  was  at  first  deposited  upon  the  west  aspect  of  the 
hillocks  is  carried  to  the  east,  where  it  is  in  the  shelter.  By 
this  process,  under  the  influence  of  a  wind  which  blew  steadily 
for  six  days,  a  hillock  has  been  seen  to  advance  towards  the 
interior  of  the  country  through  a  space  of  3]^  feet.* 

The  moisture  contained  in  the  sand  proceeds  from  the  rains, 
from  the  surface  water  that  filters  through  it  and  displaces  the 
salt  water  which  impregnated  it  originally.  The  very  slight 
trace  of  sea-salt  that  finally  remains  in  it  has  no  unfavourable 
influence  on  vegetation. 

Once  aware  of  the  fact  that  certain  plants  throve  in  the 
sands  of  downs,  Bremontier  saw  that  they  alone  were  ca- 
pable of  sta}ing  their  progress  and  consolidating  them.  The 
grand  object  was  to  get  plants  to  grow  in  moving  sand,  and  to 
protect  them  from  the  violent  winds  which  blow  oflf  the  ocean, 
until  their  roots  had  got  firm  hold  of  the  soil. 

Downs  do  not  bound  the  ocean  like  beaches.  From  the  base 
of  the  first  hillocks  to  the  line  which  marks  the  extreme  height 
of  spring  tides,  there  is  always  a  level  over  which  the  sand 
sweeps  without  pausing.  It  was  upon  this  level  space  that  Bre- 
montier sowed  his  first  belt  of  pine  and  furze  seeds,  sheltering 
it  by  means  of  green  branches,  fixed  by  forked  pegs  to  the 
ground,  and  in  such  a  way  that  the  wind  should  have  least  hold 
upon  them,  viz.  by  turning  the  lopped  extremities  towards  the 

^  D'Aubuisson,  Geognosy,  vol.  ii,  p.  467. 
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wind.  Experience  has  shown  that  by  proceeding  thus,  fir  and 
furze  seeds  not  only  germinate,  but  that  the  young  plants  grow 
with  such  rapidity,  that  by  and  bye  they  form  a  thick  belt,  a 
yard  and  more  in  height.  Success  is  now  certain.  The  plan- 
tation so  far  advanced,  arrests  the  sand  as  it  comes  from  the 
bed  of  the  sea,  and  forms  an  effectual  barrier  to  the  other  belts 
that  are  made  to  succeed  it  towards  the  interior.  When  the 
trees  are  five  or  six  years  of  age,  a  new  plantation  is  made  con- 
tiguous to  the  first  and  more  inland,  from  200  to  300  feet  in 
breadth,  and  so  the  process  is  carried  on  until  the  summits  of 
the  hillocks  are  gradually  attained. 

It  was  by  proceeding  in  this  way  that  Bremontier  succeeded 
in  covering  the  barren  sands  of  the  Arrachon  basin  with  useful 
trees.  Begun  in  1787,  the  plantations  in  1809  covered  a  sur- 
face of  between  9,000  and  1 0,000  square  acres.  The  success  of 
these  plantations  surpassed  all  expectation  ;  in  sixteen  years  the 
pine  trees  were  from  thirty-five  to  forty  feet  in  height.  Nor  was 
the  growth  of  the  furze,  of  the  oak,  of  the  cork,  of  the  willow,  less 
rapid.  Bremontier  showed  for  the  first  time  in  the  annals  of 
human  industry,  that  moveable  sands  might  not  only  be  stayed 
in  their  desolating  course,  but  actually  rendered  productive. 
Like  all  other  inventors,  this  benefactor  of  humanity  was  soon  the 
object  of  jealousy  among  his  contemporaries.  Doubts  were  of 
course  entertained  at  first  of  the  possibility  of  consolidating  the 
moving  sands  of  downs ;  and  when  this  was  demonstrated,  the 
honour  of  originality  was  denied  him.  The  ingenious  engineer 
defended  himself  with  moderation,  and  demanded  an  inquiry ; 
in  the  course  of  which  it  was  satisfactorily  proved  that  nothing 
of  the  same  kind  had  been  attempted  by  others  previously  to  the 
year  1788.  The  labours  of  Bremontier  must  be  regarded  as 
another  of  those  remarkable  struggles  which  the  industry  of  man 
has  successfully  waged  with  the  elements. 
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Whatever  may  be  its  constitution  and  physical  properties, 
land  yields  lucrative  crops  only  in  proportion  as  it  contains  an 
adequate  quantity  of  organic  matter  in  a  more  or  less  advanced 
state  of  decomposition.  There  are  favoured  soik  in  which  this 
matter,  designated  by  the  name  of  humus,  or  mould,*  exists  by 
nature,  whUe  there  are  others,  and  they  form  the  majority,  which 
are  either  totally  destitute  of  it,  or  contain  it  but  in  insignificant 
proportion.  To  become  productive,  these  soils  require  the  in- 
tervention of  manure ;  for  this  there  is  no  substitute,  neither  the 
labour  which  breaks  them  up,  nor  the  climate  which  so  power- 
fully promotes  their  fecundity,  nor  the  salts  and  alkalies  which 
are  such  useful  auxiliaries  of  vegetation.  Not  that  land  entirely 
destitute  of  organic  remains  is  incapable  of  producing  and  deve- 
loping a  plant.  We  have  already  seen  that  the  atmosphere, 
light,  heat,  and  moisture,  sufKce  for  its  existence ;  but  in  such  a 
condition,  vegetation  is  slow  and  often  imperfect ;  nor  could  agri- 
cultural industry  be  advantageously  applied  to  a  soil  which  ap- 
proached so  near  to  absolute  sterility. 

Plants,  considered  in  their  entire  constitution,  contain  carbon, 
water  (completely  formed,  or  in  its  elements),  azote,  phosphorus, 
sulphur,  metallic  oxides  united  to  the  sidphuric  and  phosphoric 
acids,  chlorides,  and  alkaline  bases  in  combination  with  vegetable 
acids;  many  of  these  elements  form  no  part  of  the  atmosphere,  and 
are  necessarily  derived  from  the  soil.  Moreover,  the  manures  most 
generally  made  use  of  are  nothing  but  the  detritus  of  plants,  or  the 
remains  or  excretions  of  animals,  including  by  the  very  fact  of 
their  origin  the  whole  of  the  elements  which  constitute  organized 
beings ;  and  although  it  is  very  probable  that  certain  tribes  of 

*  Mould  or  vegetable  earth,  as  the  word  is  generally  used,  is  not  exactly 
humus ;  but  as  it  derives  its  principal  qualities  from  the  presence  of  the 
humus  of  the  chemist,  I  shall  generally  employ  the  terms  as  synonymooi. 
— £no.  £o. 
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plants  are  more  adapted  than  others  to  appropriate  the  azote  or 
the  ammoniacal  vapours  of  the  atmosphere,  experience  proves 
that  azotised  organic  remains  contribute  in  the  most  efficacious 
manner  to  the  fertility  of  the  soil.  Besides,  we  are  far  from 
being  able  to  affirm  that  the  carbon  of  plants  is  derived  from 
the  carbonic  acid  of  the  atmosphere.  Doubtless  this  acid  is  its 
principal  source ;  but  it  is  possible  that  certain  elements  of  car- 
buretted  dungs  may  be  directly  assimilated. 

The  writers  who  have  treated  of  manures,  have  generally 
formed  them  into  two  grand  classes : 

1st.  Manures  of  organic  origin,  in  which  are  again  found  all 
the  elements  of  the  living  matter. 

2nd.  Mineral  manures,  saline  or  alkaline,  which  are  particu- 
larly designated  under  the  name  of  stimulants,  thus  ascribing 
to  them  the  faculty,  purely  gratuitous,  of  facilitating  the  assimi- 
lation of  the  nutriment  which  plants  find  in  dung,  and  of  stimu- 
lating and  exciting  their  organs.  Such  a  distinction  has  no 
real  foundation,  and  nothing  shows  so  much  how  scanty  our 
knowledge  upon  this  subject  has  hitherto  been  as  this  tendency 
in  the  ablest  minds  to  connect  vegetable  nutrition  with  the 
feeding  of  animals. 

All  the  agents  employed  by  the  agriculturist  to  restore,  pre- 
serve, and  augment  the  fecundity  of  the  soil,  I  shall  term 
Manures.  In  my  view  gypsum,  marl,  and  ashes  are  manures, 
as  much  as  horse-dung,  blood,  or  urine ;  all  contribute  to  the 
end  proposed  in  employing  them,  which  is  the  increase  of  vege- 
table production.  The  best  manure,  that  which  is  in  most 
general  use,  is  precisely  that  which  by  its  complex  nature  con- 
tains all  the  fertilizing  principles  required  in  ordinary  tillage. 

Particular  cultures  may  demand  particular  manures ;  but  the 
standard  manure,  such  as  farm  dung,  for  example,  when  it  is 
derived  from  good  feeding  supplied  to  animals  with  suitable  and 
abundant  litter,  affords  aU  the  principles  necessary  to  the  deve- 
lopment of  plants ;  such  manure  contains  at  once  all  the  usual 
elements  which  enter  into  the  organization  of  plants,  and  all  the 
mineral  substances  which  are  distributed  throughout  their  tis- 
sues; in  fact,  cai'bon,  azote,  hydrogen,  and  oxygen  are  found 
therein  united  with  the  phosphates,  sulphates,  chlorides,  &c. 

In  order  to  be  directly  efficacious,  every  manure  must  present 
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this  mixed  composition.  Ashes,  gypsum,  or  lime  spread  upon 
barren  land,  would  not  improve  it  in  any  sensible  degree; 
azotised  organic  matter,  absolutely  void  of  saline  or  earthy  sub- 
stances, would  probably  produce  no  better  effect ;  it  is  the 
admixture  of  these  two  classes  of  principles,  of  which  the  first 
is  derived  definitively  from  the  atmosphere,  whilst  the  second 
belongs  to  the  solid  part  of  the  globe,  which  constitutes  the 
normal  manure  that  is  indispensable  to  the  improvement  of  soils. 

Dead  organic  matter,  subjected  to  the  united  influence  of 
heat,  of  moisture,  and  of  contact  with  the  air,  undergoes  radical 
modifications,  and  passes  by  a  regular  course  of  transformation 
into  a  condition  more  and  more  simple.  The  tissues,  so  long 
as  they  form  a  part  of  the  animated  being,  are  protected  against 
the  destructive  action  of  the  atmospheric  agents ;  in  plants  and 
animals  this  protection  is  not  extended  beyond  the  period  of 
their  existence ;  destruction  commences  with  death,  if  the  ac- 
cessory circumstances  are  sufficiently  intense;  and  then  ensue 
all  the  phenomena  of  decomposition,  of  that  putrid  fermentation 
which  at  the  expense  of  the  primitive  elements  of  the  organised 
being,  generates  bodies  more  stable  and  less  complicated  in 
their  constitution,  and  which  present  themselves  in  the  gazeous 
and  crystalline  conditions,  forms  which  are  affected  by  the  inor- 
ganic bodies  of  nature  in  general 

The  mineral  substances  which  had  been  taken  up  in  the 
organization  become  freed,  and  are  thus  again  I'estored  to  the 
earth.  The  organized  substances  which  change  the  most 
rapidly  are  precisely  those  into  which  azote  enters  as  a  con- 
stituent principle.  Lefl  to  themselves,  whether  in  solution  or 
merely  moistened,  these  substances  exhibit  all  the  characteristic 
signs  of  putrefaction ;  they  exhale  an  insupportable  odour ;  and 
the  result  of  their  total  and  complete  decomposition  is  finally 
the  production  of  ammoniacal  salts.  The  water  wherein  the 
phenomenon  is  accomplished  facilitates  it  not  only  by  weaken- 
ing cohesion  and  enabling  the  molecules  to  move  more  freely, 
but  it  assists  also  by  the  very  afiuiity  which  each  of  its  own 
principles  bears  to  the  elements  of  the  substance  subjected  to  the 
putrescent  fermentation.  Proust  observed  that  during  the  decom- 
position of  gluten  immersed  in  water,  a  mixture  of  carbonic  acid. 
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and  of  pure  hydrogen  gas  is  disengaged,  a  phenomenon  which 
he  explains  by  the  decomposition  of  the  water ;  at  the  same 
time  are  produced  ammoniacal  salts,  among  which  are  acetates 
and  lactates,  whose  acids  are  generated  by  the  very  act  of  fer- 
mentation. As  a  striking  example  of  the  agency  of  water  in 
the  transit  of  azote  into  the  ammoniacal  state  in  a  quarternary 
compound,  we  may  take  the  putrefaction  of  urea. 

Urea  is  found  in  the  urine  of  man  and  of  quadrupeds ;  its 
composition,  according  to  M.  Dumas  is : 


Carbon 

.  20.0 

Hydrogen    ► 

.     6.6 

Oxygen 

.  26.7 

Azote 

.  46.7 

100.0 

The  animal  substances  dissolved  in  urine,  as  the  mucus  of  the 
bladder,  &c.,  undergo  on  contact  with  the  air  a  modification  which 
causes  them  to  act  upon  urea  like  ferments.  By  their  influence 
the  elements  of  water  react  upon  this  substance,  and  trans- 
form it  into  carbonate  of  ammonia. 

Carbonate  of  ammonia  is  composed  of: 

Carbonic  acid^56.41,  containing      jo^^^n      !         .'         Wm 
Ammonia  43.59.  containing       .      {Kte^'' *.         '.         35.90 

But  100  of  urea  have  been  found  to  produce  by  fermentation 
1 30  of  carbonate  of  ammonia. 

Carbon.         Hydrogen.      Oxygen.         Axote. 

Previous  to  fermentation  100  1      ^qqq         g  g^        2  g^        ^g  j 

of  urea,  contains       .         .     J 
After  fementation,  130  of  carbo-ljjQQQ         jq^q        533        ^g  7 
nate  of  ammonia  contams  •    .    J 


Difference    0.0  3.4         26.6  0.0 


So  that  during  its  transformation,  the  urea  has  gained  3.4  of 
hydrogen,  and  26.6  of  oxygen. 

In  water  the  hydrogen  is  to  the  oxygen  as  1  to  8.  (:  :  1  :  8). 

Now  it  is  precisely  in  this  proportion  that  hydrogen  and 
oxygen  are  found  to  be  acquired  by  the  urea  in  passing  into  the 
state  of  carbonate  of  ammonia ;  whence  it  follows  that  the  ele- 
ments of  water  are  fixed  in  the  process. 
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The  putrefaction  of  azotised  substances  is  &r  from  always 
presenting  results  equally  precise ;  most  frequently  in  decom- 
posing they  pass  through  a  series  of  changes,  still  very  ob- 
scure, before  they  attain  their  ultimate  limit,  viz  :  the  produc* 
tion  of  ammoniacal  salts.  Thus  from  putrefying  caseum  diffused 
in  water,  M.  Braconnot  obtained,  among  other  products 
and  ammoniacal  salts,  a  very  remarkable  substance  which  he 
calls  aposepedine. 

Aposepedine  when  purified  is  a  white  crystalline  substance, 
soluble  in  water  and  in  alcohol,  capable  of  combination  with  the 
metallic  oxides  ;  azote  is  one  of  its  elements. 

This  substance  although  engendered  by  the  act  of  putrefac- 
tion is  nevertheless  itself  capable  of  putrefying  and  giving  birth 
to  the  last  products  of  the  spontaneous  decomposition  of  azotised 
matter. 

One  of  the  most  striking  characteristics,  at  least  that  which 
is  most  readily  remarked,  is  the  fetid  odour  which  animal  sub- 
stances exhale  during  putrefaction.  It  is  not  always  the  smell 
of  ammonia  which  predominates ;  that  of  sulphuretted  hydrogen 
gas  is  often  very  strong ;  yet  that  is  not  the  emanation  which  is 
most  repulsive  :  miasmata  and  nauseous  principles  are  also  de- 
veloped which  seem  to  be  the  changed  matter  itself  carried  away 
by  the  gases  that  are  disengaged. 

Sulphur,  like  phosphorus,  is  almost  always  a  constituent  of  or- 
ganic bodies ;  its  minute  proportion,  however,  would  be  insuffi- 
cient to  give  out  the  hepatic  odour  so  intense  as  we  often  find  it 
during  putrefiiction.  The  production  of  sulphuretted  hydrogen 
is  connected  with  the  very  curious  fact,  first  appreciated  by  M.  O. 
Henri,  that  sulphates  dissolved  in  a  medium  impregnated  with 
azotised  matter  in  decomposition,  do  themselves  undergo  an 
actual  reduction,  pass  into  the  state  of  sulphiu-ets,  and  imme- 
diately give  out  sulphuretted  hydrogen,  either  by  the  action  of  the 
carbonic  acid  of  the  atmosphere,  or  by  that  which  is  formed 
during  the  putrefaction  of  the  organic  matter.  It  is  by  a  simi- 
lar action  exerted  upon  sulphate  of  lime  that  M.  Henri  explains 
the  origin  of  the  sulphureous  waters  of  Enghien,  near  Paris ; 
and  M.  Fontan  in  his  important  work  on  mineral  waters  has 
generalised  this  explanation. 

The  causes  of  the  destruction  of  sulphates  under  such  drcum* 
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stances  is  easily  understood.  During  the  decomposition  of  or- 
ganised substances,  the  carbon  belonging  to  them  forms  carbonic 
add  gaS|  by  combining  both  with  the  oxygen  of  the  substances 
themselves^  and  with  the  oxygen  of  the  water,  it  is  probable  that 
the  oxygen  of  the  sulphiuic  acid  contributes  equally  to  this  for* 
mation,  and  that  the  sulphur  is  liberated. 

The  hydrogen  of  the  decomposed  water,  as  well  as  that  of  the 
solid  matter,  in  contact  with  sulphur  in  the  nascent  state,  com- 
bines with  it  to  form  sulphuretted  hydrogen,  which  straightway 
reacts  upon  the  base  of  the  sulphate,  producing  from  it,  as  we 
know,  water  and  a  metallic  sulphuret.  This  sulphuret  being  un- 
able to  exist  when  exposed  to  the  continued  disengagement  of 
carbonic  acid  gas  which  takes  place  in  the  centre  of  the  mass  in 
patre&ction,  yields,  as  a  definite  result,  a  carbonate  on  the  one  pnH, 
and  sulphuretted  hydrogen  on  the  other. 

The  faculty  which  azotised  organic  bodies  possess  of  undergo- 
ing spontaneous  decomposition  in  presence  of  water,  and  under 
the  influence  of  heat,  seems  to  depend  upon  the  tendency 
which  azote  has  to  unite  with  hydrogen  in  order  to  form  am- 
monia. 

This  tendency  is  perhaps  the  determining  cause  of  the  phe- 
nomenon of  fermentation  taken  in  the  most  general  acceptation 
of  the  term.  Organic  bodies  void  of  azote  decompose  less  easily, 
and  the  kind  of  alteration  which  they  undergo  from  the  action  of 
water  and  air,  differs  in  many  respects  from  the  putrefaction  of 
azotised  matter.  Of  this  the  difficulty  experienced  in  effecting 
the  fermentation  of  vegetable  substances  is  a  proof  Neverthe- 
less, the  vegetable  refuse  which  goes  to  the  dunghill,  all  without 
exception,  contains  azotised  elements,  often,  it  is  true,  in  ex- 
tremely minute  proportions  ;  but  we  know  that  there  is  no  ex- 
ample of  a  vegetable  organic  tissue  from  which  they  are  com- 
pletely excluded. 

The  refuse  of  plants,  the  most  amply  endowed  with  azote  such 
as  cabbage,  beet-root,  beans,  &c.,  are  certainly  those  which  are 
susceptible  of  the  most  rapid  and  complete  putrid  fermentation ; 
straw,  on  the  contrary,  when  alone,  undergoes  it  slowly  and  im- 
perfectly, the  small  quantity  of  the  azotic  principle  which  it 
contains  is  changed,  and  reacts  upon  the  ligneous  particles  which 
surround  it;  but  the  effect  is  soon  arrested, and  even  ceases  entirely, 
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unless  substances  richer  in  azote  concur.  The  woody  matter 
of  the  straw  is  exactly  in  the  condition  of  sugar  which  has  not 
had  a  dose  of  ferment  sufficient  for  its  total  transformation  into 
alcohol. 

Most  organised  substances,  whether  they  belong  to  the 
animal  or  vegetable  kingdom  when  placed  in  certain  conditions, 
undergo  the  profoundest  changes  from  the  action  of  hydrogen ; 
these  alterations  ought  to  be  studied  with  all  the  more  care,  be- 
cause in  practical  agriculture  we  are  interested  successively  in 
fostering  or  preventing  the  causes  which  produce  them,  accord- 
ing as  our  object  is  to  accelerate  the  decomposition  of  vegetable 
refuse  for  maniu'Cy  or  to  adopt  the  precautions  which  experience 
suggests,  in  order  to  preserve  the  produce  of  our  harvests  unchang« 
ed.  Organic  substances  moistened  and  exposed  to  the  air  under 
a  temperature,  the  minimum  of  which  (I  believe  after  several  ex- 
periments) may  be  fixed  at  48®  or  50®  F.,  seize  upon  the  oxygen 
and  absorb  it,  in  part,  in  order  to  form  water  with  their  hydrogen, 
and  carbonic  acid  with  their  carbon.  When  these  substances  are 
accumulated  in  a  mass  sufficiently  great,  the  heat  produced  is  not 
rapidly  dissipated,  the  temperature  rises,  and  promotes  the  re- 
action to  such  a  degree  as  to  produce  active  burning,  a  con- 
flagration, in  place  of  the  slow  combustion  manifested  at  first. 
It  is  not  very  unusual  to  see  hay,  which  had  been  gathered  in 
too  damp  a  condition,  take  fire  in  the  stack ;  and  the  high  tempe- 
rature acquired  by  wet  rags  placed  in  the  fermenting  vats  of 
paper  mills,  and  the  copious  production  of  carbonic  add 
which  results,  show  that  we  are  right  in  assimilating  this  kind  of 
action  to  the  phenomenon  of  combustion.  This  sluggish  com- 
bustion is  not  peculiar  to  azotised  organic  substances :  it  takes 
place  equally  in  those  destitute  of  azote.  The  alteration  of  organic 
matters,  the  combustion  which  goes  on  at  a  low  temperature 
by  the  action  of  the  air,  differs  in  its  results  from  the  decomposi- 
tion which  is  effected  in  the  midst  of  a  liquid  mass.  We  have 
seen,  for  example,  that  gluten  fermenting  under  water,  disengages 
hydrogen  gas.  Now  BerthoUet  has  established,  and  Saussure  has 
confirmed  his  observations,  that  an  azotised  body  in  putrefaction, 
the  whole  of  whose  parts  are  in  contact  with  the  air,  never  con- 
tributes either  hydrogen  gas  or  azote  to  the  confined  atmosphere 
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in  which  it  is  placed;  and  on  the  other  hand,  Saussure  has 
shown,  that  organic  substances  which  do  not  emit  hydrogen  gas 
during  their  spontaneous  decomposition  in  a  medium  void  of 
oxygen,  do  not  alter  the  volume  of  an  atmosphere  of  which  this 
gas  forms  a  part ;  on  the  contrary,  these  substances  condense 
oxygen  as  soon  as  they  attain  that  stage  of  their  alteration  in 
which  they  give  out  hydrogen. 

In  pursuing  with  persevering  sagacity  the  study  of  putrefac- 
tion, M.  de  Saussure  discovered  the  cause  of  this  condensa- 
tion ;  it  consists  in  the  fact,  that  an  organic  substance  in  course 
of  spontaneous  decomposition,  acts  in  some  respects  like  the 
platina  sponge  placed  in  a  mixture  of  oxygen  and  hydrogen  gas ; 
we  know  that  platina  recently  heated  and  introduced  into  a 
mixture  of  these  two  gases,  determines  their  union  in  the  pro- 
portions required  to  constitute  water.  Now  by  substituting  for 
the  metal  some  moistened  seeds,  previously  deprived  of  their 
germinating  faculty,  the  same  eflfect  is  produced ;  the  two  gases 
combine  until  one  of  the  two  entirely  disappears.  When  this 
combustion  of  hydrogen,  proceeding  from  the  decomposition  of 
organic  substances,  takes  place  in  the  body  of  the  atmosphere 
which  contains  azote,  it  is  possible  that  a  minute  quantity  of 
ammonia  may  be  produced  together  with  water ;  nor  is  it  going 
too  far  to  suppose,  that  manures  very  slightly  azotised,  take  up 
azote  from  the  atmosphere  during  their  fermentation  ;  that  during 
the  act  of  vegetation  itself,  the  hydrogen  proceeding  from  the 
decomposed  water,  or  yet  more,  that  which  make«  part  of  the 
essential  oils  formed  by  plants,  may,  in  oxidating  afresh,  in- 
troduce atmospheric  azote  into  their  composition. 

Dead  organized  matter,  such  as  wood,  straw,  or  leaves,  exposed 
to  wet,  and  for  a  long  time  to  the  action  of  the  air,  ends  by  be- 
coming transformed  into  a  brown  substance,  which  when  damped 
is  almost  black,  which  falls  to  powder  when  dry,  and  which  is 
commonly  known  by  the  name  of  humus  or  mould. 

This  is,  so  to  speak,  the  last  term  of  the  decomposition  of 
organic  matter ;  mould  appears  to  belong  already  to  the  mineral 
kingdom  ;  and  whatever  may  be  the  diversity  of  its  origin,  it  pre- 
sents a  sufficient  number  of  peculiar  characteristics  to  be  consi- 
dei^d  a  distinct  substance.     In  fact^  the  atmosphere  continues  to 
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exert  its  action  upon  mould ;  its  inflammable  dements  are  dis- 
sipated by  a  slow  and  imperceptible  combustion,  giving  place  to 
water  and  carbonic  acid.  But  in  this  ulterior  decomposition, 
those  fetid  products  which  characterize  putrid  fermentation  are  no 
longer  observed. 

Wet  saw-dust  placed  for  some  weeks  in  an  atmosphere  of 
oxygen,  forms  a  certain  quantity  of  carbonic  acid,  and  the  volume 
of  the  gas  does  not  perceptibly  diminish.  The  wood  at  the  surface 
acquires  a  deep-brown  colour.  Several  experiments  made  by 
Saussure,  prove  that  dead  wood  does  not  absorb  the  oxygen 
gas  of  the  atmosphere ;  it  transforms  it  into  carbonic  acid,  and 
the  action  takes  place  as  if  the  carbon  of  the  organic  matter 
alone  experienced  the  effects  of  the  oxygen ;  for  the  gaseous  vo- 
lume remains  the  same.  The  loss,  however,  imdergone  by  the 
ligneous  fibre,  during  its  exposure  to  the  air,  is  greater  than  it 
ought  to  be  if  carbon  alone  were  eliminated :  whence  Saussure 
concludes,  that  whilst  the  woody  matter  loses  carbon,  it  also  lets 
some  of  its  constituent  water  escape. 

As  a  consequence  of  these  observations,  the  relative  proportion 
of  carbon  ought  to  augment  in  the  humid  wood  changed  by  the 
action  of  the  atmosphere,  since  we  have  established,  that  by  this 
action  the  woody  fibre  suffers  loss  in  the  elements  of  water  besides 
what  it  loses  in  carbon.  This  is  confirmed  by  the  following  'ana- 
lyses. The  first,  made  upon  some  oak  wood,  previously  purified 
by  washing  in  water  and  in  alcohol,  we  owe  to  Messrs.  Thenard 
and  Gay-Lussac ;  the  succeeding  one  to  Messrs.  Meyer  and  Will : 

Oak  wood.       Id.  rotten.    Id.  rotten. 

Carbon 52.5         53.6         56,2 

Hydrogen  and  oxygen,  water        .     47.5        46.4        43.8 

100.0       100.0       100.0 

Wood  decomposed  under  water,  without  being  in  direct  con- 
tact with  the  air,  undergoes  a  different  modification  ;  it  is 
blanched  instead  of  blackened,  and  the  carbon  far  firom  increas- 
ing is  diminished.  Saussure  thinks,  that  this  kind  of  alteration 
depends  mainly  on  the  loss  of  the  soluble  and  colouring  princi- 
ples of  the  wood,  principles  containing  more  carbon  than  the 
ligneous  matter  itself;  so  that  pure  woody  fibre  exposed  wet  to 
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the  action  of  the  air  would  yield  products  analogous  to  those 
which  result  from  its  decomposition  under  water. 

The  damp  linen  rags  which  are  fermented  in  paper  manufac- 
tories afford  a  product  which  is  white,  and  but  sightly  coherent. 
The  mass,  which  heats  excessively  during  the  operation,  loses 
about  20  per  cent  of  its  original  weight.  This  is  exactly 
what  takes  place  in  wood  decayed  by  the  alternate  action 
of  water  and  air,  namely,  it  becomes  white  and  extremely 
friable. 

Some  oak  arrived  at  this  stage  of  decomposition  contained, 

according  to  liebig : 

Carbon     .  •  .  .     47.6 

Hydrogen  .  .  .       6.2 

Oxygen  •  .  .     44.9 

Ashes       .  .  .  .1.3 

100.0 

Compared  with  the  composition  of  oak  wood  when  sound, 
these  numbers  show  that  during  its  modification  the  wood  has 
lost  carbon,  and  that  it  has  gained  hydrogen.  The  elements  of 
water  must  necessarily  have  intervened,  and  become  fixed 
during  the  reaction.  Ligneous  fibre  decaying  imder  water  is  not 
thereby  completely  protected  from  the  atmosphere.  Water 
always  holds  some  air  in  solution,  and  the  oxygen  of  that  air 
reacts  exactly  as  if  it  were  in  the  gaseous  state. 

Upon  all  the  phenomena  of  decomposition  connected  with 
fermentation,  with  putrefaction  or  with  dilatory  combustion, 
heat  exerts  an  influence  which  has  certainly  not  been  sufficiently 
appreciated.  Organic  bodies  sunk  in  a  large  mass  of  water 
are  not  exposed  to  changes  of  temperature  so  various  and 
abrupt  as  when  they  are  placed  in  the  atmosphere ;  their  decom- 
position is  more  gradual,  more  uniform,  and  the  soluble  materials 
which  they  contain,  or  which  are  the  result  of  the  alteration  they 
are  undergoing,  are  in  a  great  measure  dissolved.  Temperature 
may  also  produce  great  differences  in  the  final  result  of  the 
decomposition.  Peat  which  is  derived,  as  we  know,  from  the 
slow  decomposition  of  submerged  plants,  does  not  appear  to  be 
formed  in  the  swamps  of  warm  climates ;  it  has,  perhaps,  never 
been  encountered  in   the   stagnant  waters   of  the   equinoctial 
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regions ;  there  the  woody  fibre  appears  to  be  totally  dissipated  in 
carbonic  acid  gas,  and  in  marsh  gas,  the  probable  source  of  the 
insalubrity  of  those  countries.  Lakes  with  peat  bottoms  are 
not  found  except  on  the  very  high  table-lands  of  the  Andes  in  lo- 
calities where  the  mean  temperature  does  not  exceed  49®  or  50®  F. 

The  alkalies  are  powerful  agents  in  the  decomposition  of  cer- 
tain organic  substances,  whether  in  determining  or  in  accele- 
rating it.  There  are  some,  indeed,  which  experience  no  change 
without  their  intervention,  whatever  may  be  the  other  conditions 
favourable  to  decomposition.  Thus,  according  to  M.  Chevreul, 
many  colouring  substances  may  be  preserved  in  solution  almost  in- 
definitely, without  change  in  contact  with  gallic  acid ;  but  the  pre- 
sence of  a  very  small  quantity  of  free  alkali  suffices  for  their  imme- 
diately acquiring  the  power  of  absorbing  oxygen,  and  at  the  same 
time  of  acquiring  a  brown  tint.  M.  Chevreul  observed  that 
3.08  7grs.  of  hematine  dissolved  in  potash  will  absorb  3.85  7grs. 
of  oxygen  in  forming  0.925  of  carbonic  acid.  The  oxygen  which 
enters  into  the  carbonic  acid,  therefore,  represents  notlung  like  th^ 
quantity  which  was  fixed  by  the  solution,  and  it  is  almost  certain 
that  this  gas  likewise  re-acted  upon  the  hydrogen  of  the  colouring 
matter.  The  use  of  the  alkalies  for  accelerating  the  destruction 
of  organized  matter  has  been  long  known  to  agriculturists. 

Straw,  fern,  and  the  ligneous  parts  of  plants  are  sometimes 
stratified  with  quick-lime,  in  order  to  facilitate  their  disintegra- 
tion, and  consequently  their  decomposition.  The  utility  of  this 
old  practice  cannot  be  disputed  while  confined  within  certain 
limits;  but  it  is  often  abused;  for  it  is  beyond  doubt,  that 
alkalies  mingled  indiscriminately  with  manure  become  in  reality 
more  injurious  than  advantageous  for  the  end  proposed  in  their 
introduction. 

The  appearance  of  a  certain  brown  substance,  little  so- 
luble in  water,  but  easily  dissolving  in  alkalies,  is  a  characteristic 
proper  to  all  vegetable  matter  under  decomposition ;  a  charac- 
teristic which  becomes  more  marked  as  the  decomposition  ad- 
vances towards  its  last  stage,  namely,  the  production  of  humus.. 
This  substance  is  ulmine,  which,  on  account  of  some  add  pro- 
perties which  it  possesses,  is  also  named  ulmic  acid.  It  forms  a 
part  of  mould,  and  M.  P.  Boullay  constantly  found  it  in  the 
water  of  dunghills. 
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In  1797  Vauquelin  discovered  ulmine  united  with  potash  in 
the  matter  of  the  exudation  from  the  ulcer  of  an  elm  tree. 

In  1 804  Klaproth  confirmed  this  observation.  M.  Braconnot 
succeeded  in  obtaining  ulmine  artificially  by  subjecting  woody 
fibre  to  the  action  of  alkalies.  This  substance  is  easily  procured 
by  carefully  heating  in  a  silver  capsule,  and  continually  stirring  a 
mixture  of  equal  parts  of  potash  and  of  saw-dust  slightly  damped. 
At  a  certain  time  the  woody  matter  softens  and  suddenly  dis- 
solves ;  the  mass  then  begins  to  swell  up,  and  the  fire  is  slaked. 
The  product  obtained  dissolves  almost  totally  in  water.  The  so- 
lution is  of  a  very  deep  brown  colour,  and  contains  as  principal 
ingredient  ulmine  combined  with  potash ;  the  ulmine  is  precipi- 
tated by  the  addition  of  a  sufficient  quantity  of  weak  sulphiu-ic 
acid.  After  having  been  washed  and  dried,  ulmine  is  black  and 
brittle,  and  resembles  jet ;  while  still  wet,  it  reddens  turnsole 
paper,  and  its  solution  in  potash  forms  with  several  salts,  and  by 
the  way  of  double  decomposition,  insoluble  ulmates.  M.  Peligot 
assigns  to  ulmine  the  following  compositioo  : 

Carbon  .         .         .     72.3 

Hydrogen       .         .         .6.2 
Oxygen  .         .         .21.5 


100.0 

Dunghills,  rotten  wood,  and  mould  always  contain  a  brown 
substance,  which  possesses  properties  very  similar  to  those  which 
characterize  ulmine  obtained  by  the  action  of  alkalies  upon 
ligneous  fibre. 

Mould  which  contains  this  ulmine  in  abundance,  and  in  the 
condition  most  favourable  to  vegetation,  ought  on  that  account 
to  be  examined  with  attention.  Its  history  has,  indeed,  been  so 
ably  traced  by  M.  de  Saussure,  that  science  at  the  present  day 
can  add  but  little  to  the  important  deductions  of  the  celebrated 
author  of  the  Recherches  Chimiques. 

M.  de  Saussiu'e  defines  vegetable  mould  (humus)  to  be  the  black 
substance  which  covers  dead  vegetables  after  they  have  been  long 
exposed  to  the  combined  action  of  water  and  oxygen.  His  ex- 
periments refer  to  mould  nearly  pure ;  that  is,  separated  by  a  fine 
sieve  fix)m  the  vegetable  remains  which  are  always  mixed  with 
it ;  to  mould  which  had  been  gathered  on  high  rocks,  or  from  the 
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trunks  of  trees,  where  it  could  uot  have  been  exposed  to  ad- 
mixture or  to  any  influence,  other  than  that  of  the  spontaneous 
decomposition  by  which  it  had  been  produced.  All  the  varieties 
of  mould  collected  in  this  way  appeared  fertile,  especially  when 
they  were  previously  mixed  with  gravel,  which  supplies  support 
to  the  roots  of  plants,  and  permits  the  access  of  the  air.  That 
variety,  however,  must  be  excepted  which  was  obtained  from  the 
interior  of  trees,  and  had  been  formed  in  such  a  situation  that 
the  rain-water  which  entered  found  no  free  outlet ;  the  humus 
then  contained  extractive  principles,  derived  in  part  from  the 
living  plant,  and  which  seemed  to  obstruct  the  pores  of  the 
vegetable  to  which  it  was  applied  as  manure. 

In  making  comparative  csdcinations  in  dose  vessels  of  diffe- 
rent varieties  of  humus,  and  of  plants  similar  to  those  from 
which  they  had  proceeded,  and  collecting  the  charcoal  on  one 
hand,  and  the  volatile  and  gaseous  matters  on  the  other,  M.  de 
Saussure  discovered  that  they  contained,  for  the  same  weight,  a 
larger  quantity  of  carbon  and  of  azote  than  the  vegetables 
whence  they  proceeded.  The  larger  proportion  of  azote  in 
the  humus  seems  to  imply  that  during  their  decomposition,  ve- 
getables do  not  throw  off  this  element ;  but  to  this  cause  must 
be  added  that  which  might  be  connected  with  the  spoils  of  in- 
sects which  live  in  humus. 

Weak  acids  have  no  other  effect  upon  humus  than  to  dissolve 
out  the  metallic,  earthy,  and  alkaline  elements  which  it  contains. 
The  more  powerftd  acids,  such  as  the  sulphuric  add,  frequently 
cause  a  disengagement  of  acetic  acid.  Alcohol  scarcely  acts 
upon  humus,  merely  dissolving  out  of  it  a  few  hundredth  parts 
of  resinous  matter,  which  probably  pre-existed  in  the  v^table. 
Potash  and  soda  dissolve  humus  almost  completdy,  causing  an 
evolution  of  ammonia.  From  this  solution,  adds  throw  down  a 
brown,  inflammable  powder,  possessing  the  characters  which  we 
have  recognised  in  ulmine.  The  ulmine  which  is  separated  in 
this  way,  is  far  from  corresponding  with  the  weight  of  the 
matter  treated  with  the  alkalies,  which  is  evidently  due  to  the 
humus  containing  principles  which  are  not  predpitated  from  the 
alkaline  solution. 

A  quantity  of  humus  which  yielded  no  more  than  one  tenth 
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of  ashes  by  incineration,  only  lost  one  eleventh  of  its  weight 
under  repeated  treatments  with  boiling  water.  The  humus  thus 
exhausted,  was  exposed  in  a  moist  state  to  the  action  of  the 
air  for  three  months,  and  gave  a  new  quantity  of  soluble  matter 
under  renewed  washing  with  water ;  and  the  same  effect  is  con- 
stantly reproduced.  By  exposing  moist  insoluble  humus  to  the 
air,  therefore,  a  quantity  of  soluble  extractive  matter  is  formed. 
This  matter,  obtamed  by  evaporating  the  water  which  is  charged 
with  it,  is  not  deliquescent ;  it  yields  ammonia  on  distillation. 
The  watery  solution,  brought  to  the  consistence  of  syrup,  is 
neutral  to  re-agents,  and  its  taste  is  sensibly  sweet. 

It  is  familiarly  known  that  the  alkaline  salts,  which  enter  into 
the  constitution  of  vegetable  juices,  but  rarely  exhibit  the  re- 
actions that  are  proper  to  them  ;  the  plant  or  the  sap  must  be 
dried  and  incinerated  before  their  presence  can  be  ascertained. 
It  is  the  same  with  regard  to  the  salts  contained  in  humus. 

Humus,  as  I  have  already  observed,  is  the  last  term  in  the 
putrefaction  of  vegetable  organic  matter ;  its  elements  have  ac- 
quired a  stability  which  enables  them  to  resist  all  fermentation. 
M.  de  Saussure  preserved  humus  for  a  whole  year  in  vessels 
filled  with  distilled  water,  and  plunged  in  mercury,  without  re- 
marking any  emission  of  gas.  Still  it  is  unquestionable  that 
the  organic  portion  of  humus  is  completely  destructible  when 
exposed  moist  to  the  action  of  the  air ;  in  the  course  of  time  it  is 
dissipated,  and  by  and  by  there  remains  nothing  more  than  the 
fixed  saline  and  earthy  matters  which  it  contained.  This  fact 
M.  B.  de  Saussure  had  already  perceived  from  his  observations 
upon  the  vegetable  soil  that  occurs  in  the  country  between  San 
Germano  and  Turin.  This  destructibility  of  vegetable  earth, 
says  M.  de  Saussure,  sen.,  is  a  feet  without  exception  ;  and  as 
often  as  agriculturists  have  proposed  to  supply  the  place  of  ma- 
n\u*e  by  repeated  ploughings,  they  have  had  sad  experience  of  its 
truth  :  the  soil  is  gradually  impoverished,  and  fertile  fields  ulti- 
mately become  barren.  I  may  add,  that  the  nature  of  the  cli- 
mate has  a  vast  influence  upon  the  dissipation  of  the  fertilizing 
principles  of  the  soil,  and  that  Europeans  are  certainly  in  error 
when  they  object  to  the  superficial  ploughings  or  hoeings  which 
the  land  so  commonly  receives  in  tropical  countries.     It  is  there 
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weD  known  that  too  much  sturing  of  the  soil  is  often  prejudicial 
even  in  irrigated  lands,  where  consequently  the  bad  effects  can- 
not be  attributed  to  too  great  a  degree  of  dryness.  The  infor- 
mation which  has  lately  reached  the  Academy  of  Sciences  upon 
the  agriculture  of  the  French  possessions  in  Africa,  tend  to  make 
us  perceive  that  the  same  cause  produces  the  same  effects  in 
Algeria,  and  that  it  is  not  without  reason  that  the  Arabs  only 
work  their  lands,  that  are  preparing  for  grain  crops,  very  super- 
ficially. 

Humus  is,  in  fact,  dissipated  by  a  process  of  slow  combustion 
in  the  air :  in  contact  with  oxygen,  it  produces  carbonic  acid,  as 
is  proved  by  the  experiments  of  M.  de  Saussure.  Pure  humus, 
moistened  with  distilled  water,  confined  in  bell-glasses  placed  over 
mercury,  formed  carbonic  acid,  causing  the  disappearance  of  the 
oxygen  of  the  air.  The  volume  of  the  acid  gas  formed,  correspond- 
ed in  volume  with  that  of  the  oxygen  which  had  disappeared.  Hu- 
mus, therefore,  in  contact  with  air,  gives  off  carbonic  acid,  and  the 
phenomenon  here  still  takes  place  as  if  carbon  were  not  alone  con- 
sumed. The  loss  experienced  is  greater  than  that  which  ought  to 
occur  from  the  quantity  of  carbon  which  unites  with  the  oxy- 
gen ;  and  Saussure  concluded  that  there  is,  at  the  same  time,  a  loss 
of  the  elements  of  water.  The  capital  fact  which  results  from  these 
experiments  of  Saussure,  the  deduction  directly  applicable  to  the 
theory  of  manures  is  this  :  that  humus  is  dissipated  when  it  is  ex- 
posed to  the  air,  and  that  during  the  slow  combustion  which  it 
undergoes,  it  is  a  constant  source  of  carbonic  acid  gas. 

To  complete  the  views  that  may  throw  light  on  the  part 
played  by  manures,  I  have  still  to  speak  of  an  important  pheno- 
menon which  occasionally  takes  place  under  the  same  conditions 
as  those  that  accompany  the  decomposition,  the  putrefaction 
of  animal  matters :  I  mean  the  spontaneous  formation  of  nitric 
acid — the  occurrence  of  nitrification  as  it  is  called.  Nitric  acid  re- 
sults from  the  union  of  azote  with  oxygen.  Such  at  least  is 
the  constitution  of  this  acid  when  it  is  combined  in  salts ;  but 
in  its  isolated  state,  it  is  always  united  with  a  certain  quan- 
tity of  water.  It  has  not  yet  been  obtained,  and  it  appears  in- 
deed not  to  exist,  in  the  perfectly  dry  or  anhydrous  state.  The 
azote,  therefore,  does  not   combine  directly  with   the  oxygen ; 
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there  must  be,  at  all  events,  the  intervention  of  water,  and  to 
effect  the  union  of  the  two  gases  by  means  of  the  electric  spark, 
the  mixture,  according  to  Cavendish,  must  be  moist.  Never- 
theless, the  combination  of  azote  with  oxygen  appears  to  be 
singularly  favoured  by  the  presence  of  earthy  or  alkaline  bases, 
seeing  that  in  nature  the  nitrates  are  met  with  in  a  certain 
abundance;  but  the  circumstances  which  determine  their  for- 
mation are  still  involved  in  deep  obscurity. 

Three  distinct  origins  may  be  assigned  to  the  natural 
nitrates  :  1st.  certain  soils,  still  indifferently  studied,  show  an 
efflorescence  of  nitrate  of  potash  on  their  surface,  or  by  lixi- 
viation  yield  large  quantities  of  this  salt.  Such  is  the  source  of 
the  saltpetre  which  is  imported  from  India. 

According  to  M  Proust,  the  soil  of  certain  localities  in  the 
neighbourhood  of  Saragossa  is  an  inexhaustible  mine  of  salt- 
petre. I  have  myself  seen  near  Latacunga,  a  short  way  from 
Quito,  upon  a  soil  formed  of  trachytic  debris,  a  similar  produc- 
tion of  nitre  taking  place  as  it  were  under  my  eyes. 

2nd.  On  the  coast  of  Peru,  in  the  desert  of  Tarapaca, 
at  a  short  distance  from  the  port  of  Iquique,  and  in  an  argilla- 
ceous soil  of  extremely  recent  formation,  there  are  numerous 
stratified  deposits  of  nitrate  of  soda,  analogous  to,  and  perhaps 
contemporaneous  with  the  deposits  of  common  salt  which  are 
worked  upon  the  same  coast,  in  the  desert  of  Sechura,  near 
the  equator.  This  is,  so  far  as  I  know,  the  only  instance  of  a 
nitrate  bemg  dug  out  of  the  bowels  of  the  earth  as  a  mineral 
mass.  The  nitrate  of  soda  of  Tarapaca,  reaches  Europe  at 
the  present  time  in  large  quantities,  and  supplies  the  place  of 
nitrate  of  potash  in  many  chemical  processes.  Various  experi- 
ments have  also  been  made  upon  the  value  of  the  salt  as  a 
manure ;  but  at  present  these  experiments  have  been  very  con- 
tradictory, and  further  experience  seems  necessary  before  any  de- 
finitive judgment  can  be  come  to  on  the  matter. 

3rd.  The  greater  number  of  the  soils  that  are  exposed  to 
animal  emanations — heaps  of  rubbish  proceeding  from  buildings 
that  have  been  long  inhabited,  the  soil  of  stables,  cow-houses, 
cellars,  &c.,  almost  always  contain  a  quantity  of  nitrates.  In 
countries  where  rain  seldom  falls,  and  where  consequently  these 
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salts,  which  are  extremely  soluble,  can  accumulate  in  the  soil,  in 
Egypt,  for  example,  the  ruins  of  ancient  cities  are  at  the  present 
time  true  nitre-beds.  It  is  with  the  formation  from  nitre  in  such 
circumstances  that  we  feel  particularly  interested.  The  presence 
of  the  salt  is  frequently  proclaimed  in  our  agricultural  opera- 
tions ;  it  is  formed  during  the  preparation  of  our  dunghills,  in 
the  midst  of  our  cultivated  fields,  and  we  discover  it  in  the 
plants  which  we  gather.  We  are  by  so  much  the  more  inte- 
rested in  discovering  its  existence,  and  in  ascertaining  its  mode  of 
action,  as  in  the  actual  state  of  our  knowledge  we  are  still  unable 
to  say  whether  or  no  nitre  is  an  auxiliary  in  the  phenomena  of 
vegetation,  and  contributes  to  the  production  of  the  azotised  prin- 
ciples which  enter  into  the  organization  of  plants. 

To  have  nitrates  formed,  the  presence  of  azotised  organic 
matter  is  not  sufficient ;  it  is  further  necessary  that  this  matter 
during  its  decomposition  be  in  contact  with  alkaline,  calcareous, 
or  magnesian  carbonates.  It  has  been  observed  that  rocks  of  a 
crystalline  structure  do  not  nitrify  so  readily  when  they  are  with- 
out the  substances  which  have  just  been  named.  The  calca- 
reous and  magnesian  rocks  which  are  most  favourable  to  nitrifi- 
cation, under  the  influence  of  animal  emanations  and  of 
vegetables  in  a  state  of  decomposition,  are  those  which  are 
the  least  coherent,  or  which  are  the  most  porous,  such  as  chalk, 
tufa,  &c.  In  those  countries  where  the  soil  does  not  undergo 
spontaneous  nitrification,  certain  arrangements  of  circumstances, 
known  to  favour  the  production  of  saltpetre,  are  made  :  artificial 
nitre-beds  are  prepared.  In  the  north  of  Europe  where  the 
rocks  are  granitic,  in  a  hut  or  shed  built  of  wood,  a  mixture  is 
made  of  common  earth,  of  calcareous  sand  or  marl,  and  of 
wood-ashes.  This  heap  is  watered  with  the  urine  of  herbivorous 
animals,  and  the  mixture  is  stirred  or  shifted  from  time  to 
time  to  favour  the  access  of  the  air ;  and  with  the  same  view, 
the  workmen  are  very  careful  never  to  beat  or  press  the  heap, 
which  is  generally  from  two  to  two  and  a  half  feet  in  thick- 
ness, and  usually  of  the  whole  length  of  the  hut  or  shed. 
Experience  has  shown  that  the  process  of  nitrification  goes  on 
best  in  the  shade.  In  Prussia,  the  practice  is  to  wet  with  the 
water  of  a  dunghill  a  mixture  composed  of  five  parts  of  vegetaUe 
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earth,  and  one  part  of  wood-ashes  and  straw.  With  this  kind 
of  mortar,  solid  walls  or  masses  from  twenty  to  four  and  twenty 
feet  in  length,  by  about  six  feet  and  a  half  in  thickness,  are 
built,  rods  of  wood  being  introduced  during  the  construction  in 
considerable  numbers,  and  in  such  a  way  that  they  can  be  pulled 
out  when  the  mass  has  acquired  sufficient  solidity;  by  this 
means  it  is  obvious  that  a  very  free  access  of  air  is  secured  to 
the  interior  of  these  nitre  vails,  which  are  always  built  in  damp 
places,  and  thatched  over  with  straw  to  preserve  them  both  from 
the  sun  and  the  rain.  The  mass  is  watered  from  time  to  time, 
and  after  the  lapse  of  a  year,  the  materials  are  held  sufficiently 
impregnated  with  saltpetre  to  be  worth  lixiviating. 

In  these  artificial  nitre-beds  we  perceive  the  object  to  be, 
to  combine  the  circumstances  under  which  the  nitrates  are 
formed  in  the  soil  of  stables,  and  in  the  cellars  of  human  habi- 
tations. Organic  matters,  rich  in  azote,  are,  in  fact,  brought 
into  contact  with  earthy  alkaline  carbonates.  The  necessity 
that  is  felt  in  the  arrangement  of  nitre-beds  for  the  introduc- 
tion of  substances  of  animal  origin,  leads  us  to  presume  that 
the  greater  part  of  the  nitric  acid  which  is  produced,  is  derived 
from  the  azote  of  these  substances.  But  whether  this  azote 
combines  with  the  oxygen  of  the  air,  or  with  the  oxygen  of  the 
organic  principles,  we  do  not  know — we  are  still  ignorant  of  the 
way  in  which  the  acidification  is  effected. 

Professor  Liebig,  setting  out  from  the  fact  that  azotised  or- 
ganic substances  always  produce  ammonia  during  their  putre- 
faction, and  next  perceiving  that  during  the  combustion  of  am- 
moniacal  gas,  mixed  with  a  large  excess  of  hydrogen,  there  is 
always  oxidation  of  the  azote,  concludes  that  nitrification  is  the 
result  of  the  slow  combustion  of  the  ammonia  which  is  the  pro- 
duct of  the  azotised  matters  in  progress  of  decomposition.  The 
azote  of  ammonia  is  indeed  oxidated  under  favour  of  divers 
conditions  which  it  is  easy  to  secure.  In  burning  animal  sub- 
stances by  means  of  oxide  of  copper,  it  is  well  known  how  many 
precautions  must  be  taken  to  prevent  the  appearance  of  nitrous 
acid ;  and  on  the  contrary,  by  taking  measures  to  favour  the  pro- 
duction of  this  acid,  for  example,  by  passing  a  current  of  ammo- 
niacal  gas  over  peroxide  of  iron  or  manganese  in  a  red  hot  tube. 
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abundance  of  nitrate  of  ammonia  is  obtained.  The  same  result 
follows  exposure  of  a  mixture  of  oxygen  and  ammoniacal  gas 
to  the  action  of  incandescent  spongy  platinum.  The  determin- 
ing cause  of  the  acidification  of  the  azote,  which  forms  an 
dement  of  the  ammonia,  is  probably  due  to  this,  that  during  the 
combustion  two  bodies  are  formed  which  are  capable  of  com- 
bining immediately :  nitric  acid,  on  one  hand,  and  on  the  other 
water,  without  which  this  add  could  not  exist.  The  phenome- 
non, however,  only  takes  place  in  this  instance  at  a  considerably 
elevated  temperature.  At  ordinary  temperatures,  combustion  of 
the  elements  of  ammonia  has  not  as  far  as  I  know  yet  been 
observed ;  and  in  a  series  of  experiments  which  I  under- 
took, proceeding  all  the  while  upon  ideas  completely  in  con- 
formity with  those  advanced  by  Liebig,  I  did  not  succeed  in 
forming  any  nitrates  by  enclosing  mixtures  of  chalk,  potash, 
&c.,  in  an  atmosphere  composed  of  oxygen  and  ammoniacal 
vapour. 

In  a  communication  made  to  the  Academy  of  Sciences,  M. 
Kuhlman  annoimces  that  he  had  ascertained  the  presence  of 
nitrate  of  ammonia  in  the  products  of  the  putrefaction  of  animal 
matter.  If  this  announcement  be  confirmed,  if  nitric  add  be  in 
reality  one  of  the  numerous  products  of  the  putrid  fermentation, 
the  nitrification  of  soils  in  contact  with  organic  matters  would 
be  readily  explicable.  I  must  say,  however,  that  I  have  sought 
in  vain  for  nitrate  of  ammonia  in  the  product  of  the  putrid 
fermentation  of  caseum.  And  after  all,  we  should  still  be  at  a 
loss  to  account  for  the  formation  of  nitre  in  many  places,  where 
it  appears  to  be  produced  in  the  absence  of  organic  matter,  as  in 
the  saltpetre  soils  of  India,  South  America,  and  Spain.  Dr. 
John  Davy,  who  visited  the  nitre  districts  of  Ceylon,  and  Proust, 
who  long  inhabited  the  Peninsula,  have  given  it  as  their  opinion 
that  the  nitre  appears  in  soils  which  contain  no  vestiges  of  or- 
ganic matter.  The  assertion  of  Proust,  however,  is  open  to 
suspidon,  inasmuch  as  in  his  memoir  he  affirms  that  the  lands 
close  to  those  that  produce  the  nitre  are  extremely  fertile,  so 
that  they  yield  abimdant  crops  without  ever  receiving  manxire. 
But  at  the  present  day,  it  is  a  law  that  every  fertile  soil  must 
contain  or  receive  dead  organic  matter.     In  Ceylon,  according 
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to  Davy,  the  caverns,  the  walls  of  which  become  covered  with 
an  efflorescence  of  saltpetre  with  such  rapidity,  have  a  fertile  and 
thickly  wooded  soil  lying  over  them,  the  percolations  from  which 
may  readily  penetrate  their  interior.  The  observ^ations  which  I 
had  an  opportunity  of  making  upon  the  nitre  soils  near  Lata- 
cunga  were  not  perhaps  of  sufficient  precision ;  but  I  think  I 
can  affirm  that  the  soil  was  not  without  humus :  patches  were  per- 
ceived here  and  there  that  were  covered  with  turf.  It  must  still  be 
admitted,  however,  that  in  the  localities  which  have  been  parti- 
cularly indicated  there  must  exist  some  peculiar  and  permanent 
cause  of  nitrification ;  inasmuch  as  in  other  and  fertile  soils,  salt- 
petre only  appears  as  it  were  accidentally,  and  never  in  extra- 
ordinary quantity. 

Whatever  the  value  of  the  ingenious  but  still  very  imperfect 
theories  of  nitrification,  it  is  still  of  importance  to  ascertain  the 
existence  or  absence  of  nitrates  in  the  soil.  Wollaston  recom- 
mended a  process  which  enables  us  to  do  this  very  readily.  It  is 
founded  on  the  property  possessed  by  the  aqua  regia — a  mixture 
of  the  nitric  and  hydrochloric  acids — to  dissolve  pure  gold,  which, 
as  is  familiarly  known,  resists  the  action  of  either  of  these 
acids  applied  separately.  The  soil  in  which  the  presence  of  a 
nitrate  is  suspected  is  treated  with  boiling  distilled  water,  and 
thrown  upon  a  filter.  The  filtered  fluid  is  reduced  by  evaporation 
to  a  very  small  quantity,  which  is  then  poured  into  a  test  tube, 
and  a  little  pure  hydrochloric  acid  is  added  ;  some  particles  of  leaf 
gold  are  then  introduced,  and  the  fluid  is  stirred  with  a  glass  rod. 
K  any  nitrates  have  been  present,  the  particles  of  gold  are  speed- 
ily dissolved. 

Having  now  described  the  circumstances  which  determine,  and 
the  phenomena  which  accompany  the  decomposition  of  dead  or- 
ganic matter,  I  have  next  to  treat  of  manures  in  particular,  of 
their  preparation,  of  their  application,  and  of  their  relative  values. 
Speaking  generally,  the  manure  which  is  derived  from  the 
dejections  of  animals,  supplied  in  a  farm-yard  with  abundance  of 
food  and  of  litter,  used  with  the  double  object  of  cleanliness  and 
health,  is  the  best  of  all.  The  principal  substances  which  con- 
tribute day  by  day  to  increase  the  mass  of  our  dunghills  are 
straw,  and  the  excretions  and  urine  of  horned  cattle,  horses. 
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hogs,  &c.  These  various  substances,  besides  the  organic  ele- 
ments which  enter  into  their  composition,  farther  contain  the 
various  mineral  substances  which  are  indispensable  to  the  de- 
velopment of  vegetables.  Animal  excrements  of  every  kind,  in 
fact,  when  they  are  burned,  leave  quantities  of  ashes  which  are 
frequently  very  considerable,  and  in  which  are  encountered  the 
same  saline  and  earthy  ingredients  that  pre-existed  in  the 
forage  with  which  the  animals  were  supplied.  Excrements, 
therefore,  necessarily  vary  in  their  composition  according  to  the 
kind  of  food  that  is  consumed,  and  the  nature  and  the  state  of 
health  of  the  animal  which  produced  them.  Those  of  the  her- 
bivora  have  never  been  sufficiently  examined.  Thaer  and  Einhof 
have  merely  ascertained  that  cow-dung  contains  an  extractive 
principle,  partly  coagulable  by  heat,  and  that  remains  of  the 
food  may  be  separated  from  it.  All  excrementatious  matters,  in 
fact,  contain  a  certain  quantity  of  the  alimentary  matter  which 
has  escaped  digestion,  especially  when  animals  are  abundantly 
supplied  with  food.  Some  albuminous  matter  is  also  found 
there ;  but  the  substance  afler  vegetable  remains  that  appears  to 
predominate  is  bilious.* 

We  know  that  after  mastication,  the  food,  mingled  with  sa- 
liva and  the  secretions  of  the  mucous  glands,  passes  into  the 
gullet,  and  from  thence  into  the  stomach.  There  it  imbibes 
gastric  juice,  turns  sour,  becomes  modified,  and  is  finally  con- 
verted into  a  kind  of  pulp  which  is  called  chyme.  Once  formed, 
chyme  passes  into  the  small  intestines,  where  it  encoimters  the 
bile  and  pancreatic  juice,  which  modify  it,  and  cause  it  to  sepa- 
rate into  chyle,  which  is  absorbed  by  the  vessels  of  the  bowels, 
and  excrementitious  residue,  which  descends  into  the  large  in- 
testines, where  it  becomes  a  fetid  mass  that  is  expelled  from  time 
by  the  animaL 

The  bile  which  accompanied  the  fecal  matter  is  secreted  by 

*  The  latest  inquiries  of  the  physiological  chemists  would  lead  us  to 
suspect  that  this  was  not  the  case.  Bile  ought  only  to  be  an  occasional, 
and  even  an  unnatural  constituent  of  animal  excrement,  if  these  views  be  well 
foimded.  It  seems  that  the  elements  of  bile  added  to  the  elements  of 
starch  supply  the  precise  elements  of  fat;  a  substance  so  abundantly 
formed  in  the  process  of  digestion.  The  bile  that  is  poured  into  the  upper 
part  of  the  alimentary  canal  ia  probably  all  used  up  in  forming  fat.<— 
£mg.  Ed. 
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the  liver,  and  is  familiarly  known  as  a  viscid,  bitter  fluid  of  a 
yellowish  green  colour  and  a  peculiarly  nauseous  odour.  Accord- 
ing to  M .  Thenard,  the  bile  of  the  ox  contains : 

Water 700 

Picromel*    .......  69 

Fatty  matter 15 

Soda,  phosphate  of  soda,  chlorides  of  potas- 1  ... 

sium  and  sodium,  sidphate  of  soda         .      j 

Phosphate  of  lime,  oxide  of  iron    ...  1 

795 

Urine  is  a  liquid  secreted  by  the  kidneys  from  arterial  blood  ; 
,  it  passes  into  the  bladder  by  the  nretus.  Its  composition  varies 
according  to  the  animals  which  produce  it.  Urea  is  its  most 
characteristic  principle ;  and  in  the  water  which  it  always  con- 
tains in  large  proportion,  various  saline  substances  and  animal 
matter,  which  is  regarded  as  mucus  of  the  bladder,  are  encoun- 
tered. The  urine  of  the  horse,  according  to  M .  Chevreul,  con- 
tains carbonate  of  soda,  of  lime,  and  of  magnesia,  sulphate  of 
soda,  chloride  of  sodium,  hippurate  of  soda,  urea,  and  a  red 
coloured  oil. 

The  urine  of  homed  cattle  has  a  similar  composition,  with 
this  difference,  that  it  is  much  more  watery.  In  the  urine  of  our 
cow  houses  which  had  imdergone  change,  I  have  ascertained  the 
presence  of  the  alkaline  carbonates,  of  common  salt,  and  of  the 
reddish  oil  mentioned  above.  Having  at  various  times  had  oc- 
casion to  evaporate  considerable  quantities  of  the  urine  of  the 
horse,  I  always  observed  that  on  coming  to  the  boiling  point,  a 
quantity  of  azotised  matter  which  resembled  albumen  was  co- 
agulated. I  also  perceived  in  the  urine  of  herbivorous  animals, 
a  volatile  acid  to  which  its  odour  is  probably  omng. 

*  Picromel,  discovered  in  tlie  bile  of  the  ox  by  M.  ITienard,  is  colour- 
less, and  of  the  consistence  of  syrup.  It  produces  upon  the  tongue  an 
acrid  and  bitter  sensation,  which  rapidly  changes  to  a  flavour  slightly  su- 
gary. The  recent  researches  of  Messrs.  Tiedemann  and  Gmelin  have  dis- 
covered in  ox  bile  substances  which  had  escaped  the  first  investigations. 
These  chemists  found  :  1st.  a  substance  having  the  smell  of  musk,  and 
which  is  probably  one  of  the  causes  of  the  odour  peculiar  to  the  excrement 
of  kine ;  2nd.  fatty  substances ;  Srd.  biliary  resin ;  4th.  a  crystallized 
substance  called  taurine ;  5th.  biliary  sugar,  of  which  azote  forms  one  of 
the  elements.  According  to  Messrs.  Tiedemann  and  Gmelin,  the  picromel 
of  M.  Thenard  results  from  the  union  of  sugar  and  biliary  resin. 
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In  the  urine  of  the  camel,  M.  Chevreul  found  the  carbonates  of 
lime  and  magnesia,  silica,  sulphate  of  lime,  and  oxide  of  iron,  in 
very  small  quantities ;  chloride  of  potassium,  carbonate  of 
potash,  sulphate  of  soda,  in  small  quantities ;  sulphate  of  potash 
in  large  quantity ;  urea ;  an  alkaline  hippurate ;  and  a  reddish  oiL 

The  urine  of  the  rabbit,  according  to  Vauquelin,  contains : 
carbonate  of  lime,  of  magnesia,  and  of  potash,  chloride  of  po- 
tassium, sulphate  of  potash,  sulphur,  urea,  and  mucus. 

The  urine  of  birds  is  distinguished  by  the  large  proportion  of 
uric  acid  it  contains.  Food,  however,  has  a  great  influence 
upon  this  proportion ;  highly  azotised  aliments  increasing  it  con- 
siderably. Wollaston  observed  that  the  excrements  of  a  fowl 
which  was  fed  upon  herbage  contained  only  2  per  cent  of  uric 
acid.  That  of  a  pheasant  fed  upon  barley  contained,  on  the 
contrary,  14  per  cent ;  and  that  of  a  falcon  which  fed  upon  flesh 
alone,  yielded  scarcely  anything  but  uric  acid.  The  urine  of  an 
ostrich  was  found  by  Fourcroy  and  Vauquelin  to  contain  urio 
acid  in  the  proportion  of  about  one  sixteenth  of  its  mass. 

I  have  already  given  the  composition  of  urea.  Hippuric  acid 
is  an  azotised  acid  which  is  readily  obtained  by  adding  a  little 
hydrochloric  acid  to  the  fresh  urine  of  the  horse  reduced  by 
evaporation  to  about  one  tenth  of  its  original  volume,  when  a 
granular  crystalline  mass  is  precipitated.  If  the  urine  have 
been  stale  instead  of  fresh,  benzoic  acid  and  not  hippuric  acid  is 
obtained;  benzoic  acid  was,  in  fact,  long  admitted  as  one  of 
the  elements  of  the  urine  of  herbivorous  animals ;  but  it  is 
derived  from  the  transformation  of  hippuric  acid  into  benzoic  add 
and  ammonia,  the  change  being  produced  by  contact  with  the 
organic  matters  which  putrify  so  quickly  in  urine.  Liebig  was 
the  author  of  this  observation ;  it  was  in  operating  upon  un- 
changed urine  that  he  discovered  hippuric  acid.  The  following 
is  its  composition : 

Carbon        •  •  •  60.7 

Hydrogen  .  .  .  5.0 

Oxygen       •  .  .  26.3 

Azote          •  •  •  8.0 

100.0 

Uric  add  has  not  yet  been  met  with  in  the  urine  of  mammi- 
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fisrous  herbivora ;  but  it  exists  in  that  of  man,  having  been  first 
discovered  in  calculi  6rom  the  bladder ;  whence  it  received  the 
name  of  Uthic  acid.  liebig's  analysis  shows  it  to  be  composed 
of: 


Carbon        .         • 
Hydrogen    . 
Oxygen 
Azote 

36.1 

2.4 

28.2 

33.4 

100.0 

The  litter  most  commonly  used  to  absorb  the  urine  of  stall- 
kept  animals  is  wheat  straw,  which  consists  in  principal  part  of 
limine  or  woody  fibre :  like  all  vegetable  tissues,  however, 
it  contains  an  azotised  principle,  and  substances  that  are  soluble 
in  caustic  alkalies.  In  the  ashes  of  straw,  we  have  indicated 
silica  as  abundant,  and  various  alkaline  and  earthy  salts.  The 
proportion  of  azote  appears  to  vary  in  the  ratio  of  fi-om  3  to  6 
per  1000.  An  analysis  which  I  made  of  dry  wheat  straw 
gave  the  following  elements : 


Carbon 

48.4 

Hydrogen  . 

5.3 

Oxygen 

38.9 

Azote 

00.4  to  0.6 

Ashes 

07.0 

100 


Agriculturists  have,  in  all  ages,  admitted  that  the  most  power- 
ful manures  are  derived  fi-om  animal  substances,  an  opinion  or 
rather  a  fact,  which  expressed  in  scientific  language,  amounts  to 
this,  that  the  most  active  maniu-es  are  precisely  those  which 
contain  the  largest  proportion  of  azotised  principles.  It  is 
obvious  indeed  fi-om  everything  which  precedes,  that  all  the 
substances  which  contribute  to  form  farm  dung,  contain  azote ; 
and  that  into  many  of  them,  such  as  uric  acid,  hippuric  acid 
and  urea,  this  element  enters  very  largely. 

When  we  consider  the  immediate  changes  which  all  highly 
azotised  substances  undergo  in  the  process  of  putrefaction,  we 
can  foresee  that  in  their  transformation  into  manure,  they  must 
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give  origin  to  ammoniacal  salts;  and  well  established  facts 
prove  beyond  doubt  that  salts,  having  ammonia  for  their  base, 
must  be  ranked  among  the  most  powerful  of  all  the  agents  in 
promoting  vegetation.  It  is  sufficient,  for  instance,  to  bear  in 
mind  that  in  the  productive  husbandry  of  Flanders,  putrid  urine 
Ls  the  manure  that  is  employed  with  the  greatest  success  ;  but 
we  have  seen  that  by  putrefaction,  the  urea  of  the  urine  is  en- 
tirely changed  into  carbonate  of  ammonia.  The  fields  of 
Flanders  are  consequently  fertilized  with  a  solution  of  carbonate 
of  ammonia  in  water. 

Along  a  great  extent  of  the  coast  of  Peru,  the  soil  which 
consists  of  a  quartzy  sand  mixed  with  day,  and  is  perfectly 
barren  of  itself,  is  rendered  fertile,  is  made  to  yield  abundant 
crops  by  the  application  of  guano;  and  this  manure  which 
effects  a  change  so  prompt  and  so  remarkable,  consists  almost 
exclusively  of  ammoniacal  salts.  It  was  with  this  fact  before 
me  that  in  1832,  when  I  was  on  the  coasts  of  the  Southern 
Ocean,  I  adopted  the  opinion  which  I  now  proclaim  in  r^ard 
to  the  utility  of  the  salts  having  a  basis  of  ammonia  in  the 
phenomena  of  vegetation.  I  have  stated  my  views  on  this 
subject  in  a  memoir  published  in  1837.*"  Previous  to  this 
publication,  however,  M.  Schattenmann,  one  of  the  most  in- 
genious manufacturers  of  Alsace,  had  already  directed  the  atten- 
tion of  husbandmen  to  this  important  matter,  by  reminding 
them  that  it  is  the  custom  in  Switzerland  to  add  sulphate  of  iron 
or  green  vitriol  to  the  urine-vats,  for  the  purpose  of  changing 
the  carbonate  of  ammonia  into  the  sulphate,  and  thus  obtaining 
a  fixed  instead  of  a  highly  volatile  salt,  liable  to  escape  and  to 
be  lost.  In  a  communication  made  in  1835  to  the  agricultural 
association  of  Bauchsweiler,  M.  Schattenmann  announced  posi- 
tively that  the  drainings  from  dung  hills  thus  prepared,  applied 
upon  meadow  lands,  produced  very  great  effects. 

Such,  to  the  best  of  my  knowledge,  are  the  practical  facts 
which  establish  the  useful  influence  of  ammonia  on  the  growth 
of  plants  far  better  than  the  experiments  of  the  laboratory  could 
have  done.     Nevertheless  it  must  be  acknowledged  that  long 

*  Annales  deChimie,  t.  lxv.  2*  s^e,  p.  301* 
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before  the  dates  above  quoted,  Davy  had  shown  that  water 
containing  ^th  of  carbonate  of  ammonia  is  singularly  favour- 
able to  the  growth  of  wheat,  far  more  so,  under  circumstances 
exactly  similar  than  the  hydrochlorate  and  the  nitrate  of  the 
same  base ;  and  this  influence,  it  is  important  to  observe,  Davy 
ascribed  to  the  fact  that  carbonate  of  ammonia  contains  car- 
boD,  hydrogen,  oxygen  and  azote,  in  a  word,  all  the  elements 
that  are  essential  to  the  organization  of  plants.  The  illustrious 
English  chemist  concluded  from  his  experiments,  that  the 
well  known  efficacy  of  soot,  as  a  manure,  is  due  in  part  to  the 
volatile  alkali  which  it  contains. 

Professor  liebig  in  adopting  these  opinions,  has  sought  to 
generalize  them ;  he  has  attempted  to  show,  by  very  delicate 
experiments,  that  the  air  which  lies  immediately  over  the  sur- 
fiice  of  the  ground,  always  contains  carbonate  of  ammonia,  and 
that  the  same  salt  can  be  detected  in  rain  and  snow,  and  in 
spring  water.  The  ammonia  of  the  atmosphere,  according  to 
Lid[)ig,  concurs  with  that  which  is  developed  in  manures,  in  the 
formation  of  the  azotised  principles  proper  to  vegetables.  These 
ingenious  ideas  correspond  exacdy  with  those  which  M.  de 
Saussure  made  public  in  1802,  when  he  ascertained  that  the 
gaseous  azote  of  the  air  is  not  directly  absorbed  by  plants.  *^  If 
azote  be  a  simple  substance,  and  not  an  element  of  water,"  says 
this  celebrated  observer,  *'  we  must  admit  that  plants  do  not  as- 
similate it,  save  in  v^table  and  animal  extracts,  and  in  the 
ammoniacal  vapours  or  other  compounds  soluble  in  water  which 
they  absorb  from  the  soil,  or  from  the  atmosphere.  It  is  im- 
possible," he  continues,  "  to  doubt  the  presence  of  ammoniacal 
vapours  in  the  atmosphere  when  we  see  that  the  pure  sul- 
phate of  alumina,  exposed  to  the  air,  ends  by  becoming  changed 
into  the  ammoniacal  sulphate  of  alumina."  ^ 

In  agricultural  establishments,  in  which  the  importance  of 
manure  is  duly  appreciated,  every  precaution  is  taken  both  for 
its  production  and  preservation.  Any  expense  incurred  in  im- 
proving this  vital  department  of  the  farm,  is  soon  repaid  be- 
yond all  proportion  to  the  outlay.  The  industry  and  the  intel- 
ligence possessed  by  the  farmer,  may  indeed  almost  be  judged  of 

'*'  Recherches  Chimiques,  p.  207. 
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at  a  glance  by  the  care  he  bestows  on  his  dunghill.  It  is  truly 
a  deplorable  thing  to  witness  the  neglect  which  causes  the  vast 
loss  and  destruction  of  manure  over  a  great  part  of  these  coun- 
tries. The  dunghill  is  often  arranged  as  if  it  were  a  matter  of 
moment  that  it  should  be  exposed  to  the  water  collected  from 
every  roof  in  the  vicinity,  as  if  the  business  were  to  take  advan* 
tage  of  every  shower  of  rain  to  wash  and  cleanse  it  from  all  it 
contains  that  is  really  valuable.  The  main  secret  of  the  admir- 
able and  successful  husbandry  of  French  Flanders  may  perhaps 
lie  in  the  extreme  care  that  is  taken  in  that  country  to  collect 
everything  that  can  contribute  to  the  fertility  of  the  soil.  Our 
agricultural  societies,  which  are  now  so  universally  established, 
would  confer  one  of  the  greatest  services  on  the  community  if 
they  would  encourage  by  every  means  at  their  command  eco- 
nomy of  manure;  premiums  awarded  to  those  farmers  who 
should  preserve  their  dung-hills  in  the  most  rational  and  advan- 
tageous manner  would  prove  of  more  real  service  than  premiums 
in  many  other  and  more  popular  directions. 

The  place  where  the  dung  of  a  farm  is  laid,  ought  to  be 
rather  near  to  the  stables  and  cow-houses.  The  arrangements  may 
be  varied  to  infinity,  but  they  ought  all  to  combine  the  following 
conditions  :  1st.  That  the  drippings  from  the  heap  should 
not  run  away,  but  should  be  collected  in  a  tank  or  dstem  under 
ground.  2nd.  That  no  water,  except  the  rain  which  falls  on  the 
dung-heap,  or  any  water  that  may  be  thrown  upon  it  on  purpose, 
shoidd  be  allowed  to  drain  into  this  reservoir.  3rd.  That  the 
place  for  the  dunghill  be  of  size  enough  to  avoid  the  necessity  of 
heaping  the  manure  to  too  great  a  height.  The  ground  upon 
which  the  dung  is  piled,  ought  to  slope  gently  one  way  or  an- 
other— ^from  each  side  towards  the  centre  is  best — so  that  the 
drippings  may  be  collected  in  the  tank  or  dstem.  It  is  also  de- 
sirable that  the  soil  underneath  should  be  clayey  and  imperme- 
able ;  where  it  is  not  so,  it  becomes  necessary  to  puddle,  to 
cement,  or  to  pave  the  bottom  of  the  dung-hill  stance  as  well  as 
the  bottom  and  sides  of  the  tank  or  cistern.  The  water  which 
runs  from  the  heap  should  be  thrown  back  upon  it  occasionr 
ally,  by  means  of  a  pump  and  hose,  so  as  to  preserve  it  in  a 
state  of  constant  moistness.     The  opening  into  the  tank,  which 


336  MANURES — THE   DUNG-HEAP. 

is  best  placed  immediately  under  the  centre  of  the  dung-heap, 
is  closed  by  means  of  a  strong  grating  in  wood  or  iron,  the  bars 
being  sufficiently  close  to  prevent  the  solid  matters  from  pass- 
ing through.  One  very  important  arrangement,  one  which  in 
&ct  must  on  no  account  be  overlooked,  is  that  the  drains  from 
the  stables  and  cow-houses  be  so  contrived,  that  they  all  run  to 
the  dung-hiD.  The  litter,  however  abundant,  never  absorbs  the 
whole  of  the  urine,  especially  at  the  time  when  the  cattle  are 
upon  green  food ;  and  it  would  be  quite  unpardonable  in  the 
husbandman  did  he  not  take  measures  to  secure  this,  the  most 
valuable  portion  of  the  manure  at  his  disposal. 

The  litter  mixed  with  the  droppings  of  the  animals,  and 
soaked  with  their  urine,  ought  to  be  carried  from  the  stables  to 
the  dung-hill  upon  a  light  barrow.  The  practice  of  dragging  out 
the  manure  with  dung-hooks,  which  is  often  permitted  when  the 
field  upon  which  it  is  to  be  spread  is  at  no  great  distance,  ought 
on  no  account  to  be  allowed ;  the  loss  from  the  practice  is  al- 
ways considerable. 

Materials  ought  not  to  be  thrown  on  the  dung-hill  at  ran- 
dom or  hap-hazard ;  they  should  be  evenly  spread  and  divided ; 
an  uneven  heap  gives  rise  to  vacancies,  which  by  and  by  become 
mouldy,  to  the  great  detriment  of  the  manure.  It  is  of  much 
importance  that  the  heap  be  pretty  solid,  in  order  to  prevent  too 
great  a  rise  of  temperature,  and  too  rapid  a  fermentation,  which 
are  always  injurious.  Particular  care  must  also  be  taken  that 
the  heap  preserves  a  sufficient  degree  of  moistness,  not  only  of 
its  surface  but  of  its  entire  mass,  which  is  effected  by  water- 
ing it  fi-equently.  At  Bechelbronn,  our  dung-heap  is  so  firmly 
trodden  down,  in  the  course  of  its  accumulation,  by  the  feet  of 
the  workmen,  that  a  loaded  waggon  drawn  by  four  horses  can 
be  taken  across  it  without  very  great  difficulty.  The  thickness 
of  the  heap  is  not  a  matter  of  indifference :  besides  the  conve- 
nience of  loading,  which  must  not  be  forgotten,  any  great 
thickness  may  become  injurious  by  causing  the  temperature  to 
rise  too  high ;  circumstances  occurring  which  should  compel  us 
to  keep  a  mass  in  this  state  for  any  length  of  time,  the 
decomposition  would  make  such  progress  as  to  occasion  very 
great  loss.     Experience  has  shown,  that  the  thickness  of  a 
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dung-heap  ought  not  to  exceed  from  about  four  feet  and  a  half 
to  six  feet  and  a  half ;  it  ought  certainly  never  to  exceed  the 
latter  amount. 

With  a  view  to  prevent  the  drying  of  the  dung-heap  and  its 
consequences,  too  great  a  rise  in  temperature  and  destruction 
of  manure,  it  is  the  practice  in  some  places  to  arrange  the 
dung-heap  on  the  north  side  of  a  building,  which  is  undoubtedly 
advantageous,  but  not  always  to  be  realized,  especially  in  con- 
nexion with  a  farm  of  some  magnitude,  where  the  immediate 
vicinity  of  a  large  mass  of  matter  in  a  state  of  putrid  fermen- 
tation is  not  only  unpleasant,  but  may  be  unwholesome.  In  the 
north  of  France,  the  dung-heap  is  sometimes  shaded  from  the 
sun  by  means  of  a  row  of  elms,  and  the  shelter  thus  secured  is 
vastly  preferable  to  that  which  it  has  been  proposed  to  obtain  by 
means  of  a  roof  or  shed,  which,  besides  other  inconveniences, 
would  be  found  costly  at  first,  liable  to  speedy  decay,  &c.  If 
circiunstances,  such  as  the  smallness  of  the  farm,  the  permeable 
nature  of  the  soil,  &c.,  prevent  the  construction  of  a  reservoir, 
there  is  risk  of  the  dung-water  being  quite  lost ;  but  such  Waste 
may  be  prevented  by  covering  the  bottom  of  the  pit  6r  stance 
for  the  dung-heap  with  a  bed  of  sand,  peat,  marl,  or  any  other 
dry  and  porous  substance  capable  of  absorbing  liquids.  This 
practice  is  often  followed  by  the  farmers  of  Alsace. 

In  some  farms,  the  different  kinds  of  dung  are  piled  apart  from 
one  another  in  particular  heaps ;  that  of  the  stable  being  put  by 
itself,  as  well  as  that  of  the  cow-house,  that  of  the  hog-stye,  an 
that  of  the  sheep-pen.  In  great  establishments,  such  a  separation 
is  often  one  of  necessity ;  but  the  advantages  which  are  ascribed 
to  it  are  questionable  at  least,  and  the  remarks  that  have  been 
made  upon  it  by  writers  do  not  appear  founded  on  any  accurate 
observation.  Without  denying  that  certain  crops  answer  better 
when  special  manures  are  employed,  it  still  seems  to  me  more 
advantageous  to  pile  every  kind  of  manure  together,  when  the 
difficulties  of  the  situation  are  not  such  as  to  make  this  either 
particularly  inconvenient  or  expensive.  In  this  way,  indeed,  a 
dung-heap  of  medium  constitution  is  obtained,  which  is  re- 
garded with  reason  as  that,  the  application  of  which  to  the  soil  is 
attended  with  the  greatest  advantages  in  the  majority  of  in- 
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stances*  The  distinction  which  some  have  sought  to  make  be- 
tween the  relative  qualities  of  manures  of  different  origins  is  far 
too  absolute ;  and  this  is  the  reason,  without  doubt,  which  ren- 
ders it  so  difficult  to  bring  the  observations  of  different  agricul- 
turists to  agree.  Thus,  according  to  Sinclair,  the  dung  of  the 
hog-sty  is  the  most  active  of  all,  the  richest  in  fertilizing  princi- 
ples ;  according  to  Schwertz,  on  the  contrary,  it  is  the  most 
indifferent  manure  of  the  farm-yard. 

The  fact  is,  that  manures,  which  are  the  produce  of  the  same 
animals^  often  present  greater  differences  in  regard  to  quality, 
than  manures  which  proceed  from  different  sources.  I  shall 
show  by  and  by  that  the  value  of  manure  depends  especially 
upon  the  feeding,  the  age,  and  the  condition  in  which  the 
animal  is  placed  that  produces  it.  It  is  well  known  that  the 
dung  of  cattle,  fed  during  winter  upon  straw,  is  greatly  inferior  to 
that  which  they  yield  when  consuming  food  of  a  more  nutritious 
quality. 

When  the  litter  mixed  with  animal  excrements  is  accumu- 
lated in  sufficient  quantity  in  the  pit  or  on  the  dung  stance,  fer- 
mentation speedily  sets  in,  and  abimdance  of  vapour  is  disen- 
gaged. As  carbonate  of  ammonia  is  among  the  volatile  pro-* 
ducts  of  this  decomposition,  it  is  of  importance  to  hold  it 
imder  control ;  this  is  done  by  keeping  the  heap  in  a  state  of 
proper  moistness,  and  in  excluding  as  much  as  possible  the  ac- 
cess of  air.  The  daily  addition  of  fresh  quantities  of  litter  from 
the  stables  and  stalls,  contributes  powerfUUy  to  impede  the  dis- 
persicm  of  the  volatile  elements,  which  it  is  so  important  to 
preserve  in  manure  ;  duly  spread  upon  the  heap,  each  addition  be- 
comes, in  fact,  a  fresh  obstacle  to  evaporation ;  it  forms  a  covering 
which  plays  the  part  of  a  condenser,  at  the  same  time  that  it 
protects  the  inferior  layers  from  the  direct  contact  of  the  air.  So 
long  as  the  dung-heap  is  kept  up  and  attended  to  in  this  way, 
the  fermentation  is  limited  to  the  inferior  layers  of  the  mass. 
Thaer  even  satisfied  himself  that  air  collected  from  the  surface  of 
a  dung-heap,  undergoing  moderate  fermentation,  does  not  con- 
tain much  more  carbonic  acid  than  that  which  is  taken  from  the 
mass  of  the  atmosphere.  Neither  does  a  vessel  containing  nitric 
add^  when  placed  upon  the  fermenting  mass,  produce  those  dense 
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white  vapours  which  are  a  certain  indication  of  the  presence  of 
ammonia.  The  slow  decomposition  which  it  is  of  so  much 
importance  to  effect,  is  not  readily  secured  save  in  masses  suf- 
ficiently trodden  down,  and  in  which  the  litter  of  different 
kinds  has  been  spread  as  evenly  as  possible. 

It  is  an  important  point  that  the  manure  should  be  carried  out 
to  the  field  before  the  upper  portions  recendy  added  begin  to 
undergo  change,  otherwise  the  whole  mass  enters  into  full 
fermentation,  and  the  volatile  elements,  being  no  longer  arrested 
by  the  upper  layer,  escape  and  are  lost.  One  means  of  prevent* 
ing  this  loss  in  any  case  (which  however  can  but  rarefy  occur)  in 
which  there  was  a  necessity  for  suffering  the  mass  to  become 
made  through  its  whole  thickness,  would  be  to  cover  it  with  a 
layer  of  vegetable  mould,  in  which  the  volatile  principles  would 
be  condensed  ;  the  layer  of  earth  would  in  feet  thus  be  converted 
into  a  most  powerful  manure. 

The  loss  of  carbonate  of  ammonia,  during  the  fermentatioti 
of  farm-dung,  is  further  prevented  by  the  use  of  certain  salts 
which  have  the  power  of  changing  the  volatile  carbonate  into  a 
fixed  salt.  It  was  with  a  view  of  bringing  a  re-action  of  this 
kind  into  play,  that  M.  Schattenmann,  the  able  director  of  the 
manufactories  of  Bauchsweiler,  proposed  to  add  to  dung**heaps, 
in  the  course  of  their  accumulation  and  preparation,  a  certain 
quantity  of  sulphate  of  iron  or  of  sulphate  of  lime,  either  of 
which  is  decomposed  by  the  carbonate  of  ammonia  evolved,  and 
a  fixed  ammoniacal  salt  (the  sulphate)  is  produced.*  The  loss 
of  ammonia  from  dung-heaps  in  the  course  of  regulated  fermen- 
tation, must  not  however  be  estimated  too  highly ;  when  the  de- 
composition is  carefully  conducted,  the  mass  having  been  wdl 
trodden  and  properly  damped,  the  loss  is  really  very  smalL 
The  gentle  fermentation,  secured  by  these  means,  has  characters 
which  differ  essentially  from  those  that  accompany  the  rapid  pu- 
trefaction which  never  fails  to  take  place  when  matters  are  not 
weH  managed.  As  an  example  of  the  rapid  and  injurious  fer- 
mentation of  which  I  speak,  I  may  cite  that  which  frequently 
takes  place  in  piles  of  horse-dung :  every  one  must  have  seen 
such  dung-hills   loosely  thrown  together,  left  to   themselves, 

*  Annales  deCbimie,  3e  sdrie,  t.  iv,  p.  116. 

z  2 


340  PREPARATION   OF  MANURE. 

without  any  addition  of  water,  acquiring  a  very  intense  heat  in 
the  course  of  a  few  days,  and  have  even  heard  of  their  taking 
fire.  I  have  seen  piles  of  this  kind  reduced  to  their  merely 
earthy  constituents  1  Such  are  never  the  results  of  the  mo- 
derate and  gradual  decomposition  which  farm-dung  ought 
never  to  exceed.  When  the  pit  or  stance  is  emptied,  in  which 
a  slow  and  equal  fermentation  has  taken  place,  the  superior  layer 
is  seen  to  be  very  nearly  in  the  same  state  in  which  it  was  when 
it  was  piled ;  the  layer  immediately  beneath  this  one  b  changed 
in  a  greater  degree,  and  sometimes  exhales  a  slight  ammoniacal 
odour.  In  the  lower  strata,  the  modification  is  yet  greater  in  de- 
gree :  the  straw  has  lost  its  consistency,  it  is  fibrous  and  breaks 
into  pieces  with  the  greatest  ease ;  the  mass  is  also  progressively 
darker  in  colour  as  we  go  deeper,  and  on  the  ground  it  is  com- 
pletely black ;  the  smell  which  this  part  of  the  heap  exhales, 
is  that  of  sulphuretted  hydrogen,  and  when  it  is  tested,  sul- 
phate of  iron  is  discovered;  no  doubt  these  sulphurous  pro- 
ducts are  all  the  consequence  of  the  decomposition,  under  the 
influence  of  the  organic  matter,  of  the  sulphates  which  were  con- 
tained in  the  manure.  This  is  the  sign  by  which  I  know  that 
&rm-dung  is  duly  prepared ;  the  presence  of  sulphurets  and  of 
the  hydrosulphate  of  ammonia  will  have  no  ill  effect  upon  vege- 
tation; for  scarcely  is  the  maniure  spread  upon  the  ground, 
than  these  products  are  changed  into  sulphates,  and  then  the 
manure  emits  that  musky  smell  which  is  peculiar  to  it.  Fur- 
ther, there  is  no  doubt  but  that  the  state  in  which  a  carefully 
tended  dung-heap  is  found  in  the  end,  is  due  to  the  circumstances 
in  which  it^has  been  placed  and  kept  during  the  whole  time  of 
its  preparation,  its  constituent  elements  would  have  gone  through 
a  totally  different  course  in  the  progress  of  their  modification 
had  they  been  left  exposed  to  the  open  air.  To  be  satisfied 
of  this,  it  is  enough  to  remark  the  powerful  and  purely  ammo- 
niacal smell  which  meets  us  in  a  warm  stable,  especially  during 
the  summer  season,  upon  the  ground  of  which  the  \uine  of  the 
animals  it  contains  is  left  to  decompose. 

From  what  has  now  been  said,  it  will  be  understood  how 
destructive  to  good  manure  is  the  custom  which  obtains  in  cer- 
ain  countries  of  turning  dung-heaps  frequently,  of  airing  them  as 
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it  were  in  order  to  hasten  decomposition.  Treated  in  this 
way,  stable  litter,  &€.,  does  in  fact  decompose  much  more 
rapidly;  but  it  does  so,  and  I  own  that  I  do  not  myself 
dearly  perceive  the  object  proposed  by  it,  at  the  expense  of  the 
quality;  for  it  is  very  evident  that  the  volatile  principles 
must  be  dissipated  and  lost  in  the  same  proportion  as  their 
points  of  contact  with  the  air  are  multiplied. 

The  plan  of  collecting  all  the  litter  of  the  farm  into  one  par- 
ticular and  appropriate  place  is  that  which  is  generally  adopted. 
Nevertheless  there  are  countries  in  which  the  dung  is  left  to 
accumulate  in  the  cattle-stalls,  it  being  merely  covered  with 
fresh  straw  every  day.  The  ground  thus  rises  continually  under 
the  feet  of  the  cattle,  so  that  it  is  necessary  to  have  moveable 
cribs  which  can  also  be  raised  by  degrees.  This  method  is  so 
&r  convenient,  that  the  necessity  for  cleaning  out  the  stable  con- 
tinually is  avoided ;  but  little  is  gained  in  the  end  in  the  matter 
of  labour,  for  the  same  mass  of  manure  has  stiU  definitively  to 
be  removed.  The  fermentation  of  the  manure  would  be  greatly 
accelerated  by  the  usual  high  temperature  of  the  stables,  did  not 
the  feet  of  the  cattle  tread  the  mass  very  dosely,  and  this  and 
the  daily  addition  of  straw  together  produce  the  same  effect  as 
I  have  indicated  in  treating  of  the  management  of  the  dung- 
heap  out  of  doors :  it  condenses  vapours  and  volatile  particles, 
and  prevents  evaporation.  The  fact  is,  that  in  stalls  and  stables 
in  which  the  dung  is  allowed  to  accumulate  in  this  way,  we  are 
not  sensible  of  any  very  offensive  odour,  and  the  animals  which 
live  in  them  breathe  without  inconvenience,  it  being  always  un- 
derstood that  all  communication  with  the  exterior  is  not  inter* 
rupted,  which  in  fact  it  ought  never  to  be,  even  in  cases  where 
the  stables  and  stalls  are  kept  perfectly  dean.  This  method  of 
]nt)ceeding  becomes  almost  impracticable  when  cattle  are  fed 
upon  food  that  is  not  dry,  but  on  the  contrary  that  is  extremely 
watery,  such  as  roots,  green  clover,  &c. ;  the  quantity  of  urine  that 
is  then  passed  is  so  considerable,  and  the  excrements  themselves 
are  so  copious  and  so  liquid,  that  an  enormous  quantity  of  straw 
would  be  required  to  absorb  the  liquid  parts ;  in  spite  of  any 
reasonable  addition  of  litter,  indeed,  the  animals  would  still  be 
exposed  to  be  kept  in  the  mire,  which  would  doubtless  become  a 
poMreiiul  cause  pf  insalubrity  among  them. 
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In  Belgium,  according  to  Schwertz,  manure  is  accumulated  in 
the  stables  by  guarding  against  the  inconveniences  which  the 
bat  mode  of  proceeding  generally  implies.  The  cattle  are  placed 
upon  a  kind  of  platform  raised  above  the  pavement  of  the  stable, 
and  the  droppings  being  withdrawn  from  under  them,  are 
trodden  down  and  allowed  to  accumulate  upon  the  floor. 

One  inconvenience  attending  the  use  of  straw,  is  that  it  is 
frequently  dear ;  it  is  also  scarce  in  some  countries.  In  those 
parts  of  Switzerland,  for  instance,  where  all  the  available  lands 
are  meadows^  they  are  obliged  to  economise  litter  as  much  as 
possiUe,  so  that  they  even  wash  it,  and  thus  make  it  serve  re* 
peatedly.  Although  it  would  be  difficult  to  give  a  reason  for 
a  practice  which  has  the  effect  of  increasing  the  bulk  of  the  ma« 
nure  adding  to  the  expense  of  transport,  and  at  the  same  time 
diminishing  its  quality,  it  is,  nevertheless,  a  fact  that  this  mode 
of  proceeding  has  been  long  in  use  in  various  Cantons.  We 
probably  only  see  here  another  means  of  securing  even  the  last 
particle  of  the  excrementitious  matters  passed  by  cattle,  the 
process  employed  being  in  fact  identical  with  that  used  by  the 
chemist  in  his  most  delicate  analyses.  In  Switzerland,  the  urine 
that  is  passed  by  the  cattle  flows  along  a  gutter  which  commu^ 
nicates  with  a  large  reservoir  containing  water,  in  which  not 
mly  are  the  solid  excrements  diffused,  but  in  which  the  litter  is 
washed,  this  being  changed  only  twice  a  week.  The  reservoir 
is  constructed  under  the  floor  of  the  cow-house  itself  in  order 
to  be  protected  from  the  frost.  The  fermentation  of  a  mass 
so  diluted  is  scarcely  perceptible,  and  save  from  leakage  there  is 
no  loss  of  decomposing  animal  matter.  The  fiquid  manure  is 
raised  by  means  of  a  pump,  and  carried  to  the  meadow  in  tubs 
placed  upon  carts.  In  Switzerland,  it  is  also  the  usage  to  employ 
the  urine  of  cattle  separately  as  manure,  under  the  name  of 
purin ;  to  this  liquid  manure,  a  quantity  of  sulphate  of  iron  is 
frequently  added  with  the  view  of  bringmg  the  volatile  carbon 
nate  to  the  state  of  the  fixed  sulphate  of  ammonia  as  I  have 
already  said. 

Liquid  manures  have  their  advantages  and  their  inoonve- 
nienoe8«  We  shall  immediately  discuss  their  value  compari- 
tively  with  that  of  solid  manures,  and  we  shall  be  led  to  adopt 
the  opinion  of   M.   Cnid  in  regard  to  them,  viz.,  that  the 
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advantages  ascribed  to  them  in  Switzerland  are  exaggerated. 
Whatever  the  form  under  which  manures  are  applied,  the 
question  has  been  warmly  discussed,  whether  it  be  to  the  interest 
or  disadvantage  of  the  agriculturist  to  employ  them  before  or 
after  they  have  undergone  fermentation  ? 

Organic  substances,  however,  are  in  no  condition  to  favour  the 
growth  of  vegetables  until  they  have  undergone  material  changes 
which  modify  their  nature.  One  of  the  results  of  this  change, 
as  we  have  seen,  is  the  development  of  ammoniacal  salts.  Fresh 
manure,  such  as  it  comes  from  the  stable,  introduced  imme- 
diately into  the  ground,  there  undergoes  precisely  the  same 
changes,  and  gives  rise  to  the  same  products  as  it  does  when 
subjected  to  preparation  in  a  dung-heap  in  the  manner  already 
described ;  there  is  only  this  difference,  that  being  scattered  and 
mixed  with  a  large  quantity  of  inert  matter,  the  decomposition 
takes  place  much  more  slowly  than  it  does  in  the  heap.  The 
question  which  has  been  so  actively  discussed,  therefore,  reduces 
itself  to  this :  is  it  advantageous  to  have  the  manure  fermented 
in  the  soil  it  is  intended  to  fertilize  ?  We  may  be  allowed  to  ex- 
press surprise  that  such  a  question  should  have  been  raised  in 
the  present  day,  and  still  more  that  the  affirmative  answer  should 
have  been  disputed  by  agriculturists  of  distinguished  merit. 
Some  have  even  gone  so  far  as  to  maintain  that  fresh  excre- 
ments were  injurious  to  vegetation.  Proofs  to  the  contrary  are 
readily  obtained ;  it  is  enough  to  recollect  that  in  the  grazing 
and  folding  of  sheep  and  kine,  the  dung  and  urine  pass 
directly  into  the  ground  of  our  pastures  and  fields,  and  who  shall 
say  that  the  land  is  not  benefited  by  what  it  thus  receives  ?  Un- 
questionably fresh  manure  in  excess  proves  injurious  to  vege- 
tables, but  as  much  may  be  said  in  regard  to  the  best  fermented 
dungs. 

M.  Gazzeri,  an  Italian  chemist,  has  devoted  himself  with  the 
most  laudable  perseverance  to  inquiries  having  for  their  ob- 
ject to  show  that  the  general  custom  of  leaving  manures  to 
become  decomposed  before  leading  them  out  to  the  field  is 
attended  with  a  considerable  loss  of  fertilising  principles,  and  that 
it  is  therefore  advantageous  to  use  them  in  the  state  in  which 
they  come  from  the  stable.    To  remove  all  doubts  which  might 
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yet  be  entertained  upon  the  eflEects  of  unfermented  manures,  M. 
Gazzeri  showed  that  wheat  could  be  successfully  grown  m  land 
ndiich  had  received  an  extraordinary  dose  of  pigeon's  dung,  which 
is  r^arded  as  one  of  the  most  active  of  all  maniu'es ;  and  horse 
droppings,  taken  at  the  moment  they  were  passed,  mixed  with 
earth,  in  the  proportion  of  one  fourth  of  the  whole  bulk,  had 
no  injurious  effect  on  the  growth  of  the  cereals.  To  ascertain 
the  amount  of  loss  which  fresh  manures  suffered  from  fermen- 
tation, M.  Gazzeri  placed  certain  quantities,  ascertained  by  weight, 
to  putrefy  under  favourable  circumstances ;  and  the  decomposi- 
tion completed,  he  weighed  them  again.  In  this  way,  he  ascer- 
tained that  horse-dung  in  the  course  of  four  months,  lost  more 
than  the  half  of  the  dry  matter  which  it  contained  before 
its  putre&ction.  Davy  indeed  had  already  shown  that  there  is 
a  loss  of  volatile  principles,  during  the  decomposition  of  fresh 
manures,  that  must  be  useful  to  vegetation.  Davy's  experiment 
consisted  in  introducing  manure  into  a  retort,  the  extremity  of 
which  communicated  with  the  soil  under  turf,  and  he  found  that 
in  the  course  of  a  few  days  the  grass  which  was  thus  exposed 
to  the  emanations  from  the  retort,  grew  with  particular  luxuri- 
ance. Although  it  appears  certain,  then,  that  in  conductmg  the 
preparation  of  manure  in  the  heap  with  prudence,  the  volatile 
and  ammoniacal  principles  which  appear  in  the  course  of  the 
putrefaction  may  be  retained,  it  is  nevertheless  unquestionable 
that  the  employment  of  manure  directly  and  without  previous  fer- 
mentation, would  most  effectually  prevent  the  loss  of  matters  that 
must  be  valuable.  Thaer,  Schwertz,  Mr.  Coke,  and  others, 
have  consequently  admitted  the  advantages  of  the  latter  proce- 
dure. In  agreeing  with  them  completely,  which  I  do,  it  still 
remains  certain  that  on  the  greater  number  of  farms,  dung- 
heaps  must  be  formed  as  matter  of  necessity.  Manure  is  only 
available  at  certain  determinate  seasons  of  the  year ;  it  cannot 
be  carried  out  and  spread  as  it  is  produced.  In  Alsace  it  is  car- 
ried out  to  the  fields  on  which  it  is  to  be  spread  whenever  cir- 
cumstances will  permit,  and  without  regard  to  its  more  or  less 
advanced  state  of  decomposition.  The  circumstances  which  lead  to 
its  being  kept  in  the  pit  for  two  or  three  months,  also  lead  to  the 
manure  being  half  or  more  than  half  matured  before  it  is  led  out ; 
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and  this,  after  all,  is  perhaps  the  best  state  in  which  it  can  be  put 
into  the  ground.  It  is  then  easily  incorporated  with  the  soil,  and 
its  fertilizing  principles  are  already  in  that  condition  which  enables 
them  to  act  within  a  limited  time  with  greater  energy  than  they 
would  do  were  the  manure  employed  quite  fresh.  This  is  the 
condition  in  which  our  manures  almost  dways  are  at  Bechelbronn 
when  we  carry  them  out :  it  rarely  happens  that  they  have  been 
three  months  on  the  stance  before  their  removal.  Speediness 
of  action  is  a  point  which  is  not  without  importance.  Fresh 
dung  will  always  act  more  slowly  than  that  which  has  reached 
a  certain  point  of  decomposition,  and  the  advantage  which 
mostly  accrues  to  the  farmer  in  forcing  his  crops,  will  often  in* 
duce  him  to  use  manure  that  has  ripened  in  the  pit  or  stance. 

In  warm  and  moist  countries,  as  may  be  conceived,  it  is  almost 
matter  of  indifference  whether  the  dung  be  put  into  the  ground 
quite  fresh,  or  in  a  state  of  deco  mposition  further  advanced ;  its 
decomposition,  aided  by  the  heat  of  the  climate  is  always  effected 
rapidly  enough.  But  it  is  otherwise  in  cold  climates,  where  the 
temperature  which  excites  and  maintains  vegetation  is  often 
of  short  duration,  and  must  at  once  be  taken  advantage  of. 
During  a  great  part  of  the  year,  the  ground  is  so  cold  that 
organic  substances  buried  in  it  are  preserved  with  comparatively 
little  change.  Under  such  climatic  conditions,  there  is  no  doubt 
that  manures  in  a  state  of  forwardness  are  to  be  preferred.  It 
is  probably  from  such  motives  that  the  extensive  use  of  liquid 
manures  in  Switzerland  is  derived,  the  action  of  these  being,  so 
to  speak,  immediate ;  and  it  is  with  such  manure  that  in  Flan- 
ders, the  cultivation  of  various  plants  that  are  of  great  value  in 
manufacturing  processes,  is  carried  on. 

When  the  fermentation  of  manure  has  been  managed  dis- 
creetly, and  aU  the  precautions  requisite  to  prevent  the  dissipation 
of  ammoniacal  salts  and  the  loss  of  soluble  elements  have  been 
taken,  there  is  the  immense  advantage  attending  it,  besides  ob- 
taining immediate  action,  that  a  manure  is  produced  of  greater 
value  under  a  smaUer  bulk  and  a  less  weight.  The  dung-heap 
often  loses  a  third  of  its  bulk  in  imdergoing  fermentation,  a  cir- 
cumstance which  occasions  an  important  saving  in  carriage.  A 
like  saving  may  be  eff^(e4  with  referepo^  t9  frpsh  manures  by 
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dr}  ing  them  in  the  suDi  v^hich  I  have  sometimes  seen  done ; 
they  are  thus  reduced  to  one  third  or  one  fourth  of  their  original 
weighty  and  M^hen  the  distance  to  which  they  have  to  be  carried 
is  greaty  there  may  be  real  advantage  in  proceeding  in  this  way. 

An  objection  of  some  moment  made  to  the  use  of  fresh  dung 
to  com  lands  is,  that  it  usually  contams  the  seeds  of  weeds  and 
the  eggs  of  insects  which  nothing  but  putrefaction  will  destroy. 
This  objection  of  course  loses  aU  its  weight  when  the  land 
that  is  manured  is  to  receive  a  crop  which  admits  of  hoeing; 
and  the  custom  which  obtains  with  us  at  Bechelbronn  of  using 
manure  in  every  state  of  decomposition  to  the  first  crop  in  the 
rotation,  is  a  guarantee  that  fresh  manure  is  really  productive  of 
no  inconvenience  in  practice.  Another  difficulty  pomted  out  by 
Thaer  is  tibat  of  covering  in  dung  so  long  and  full  of  straw  as 
fresh  stable  or  stall  dung.  This  objection  disappears  when  the 
manure  is  laid  in  furrows  formed  by  the  plough,  as  is  done  in 
Alsace,  by  which  means  the  covering  in  is  effected  by  a  single 
operation. 

If  opinions  are  still  divided  upon  thb  question  whether  dung 
ought  to  be  employed  before  or  after  fermentation,  th^  are  no 
less  so  as  to  the  mode  of  spreading  it,  and  the  best  periods 
far  hying  it  on  the  land.  It  nnay  be  imagined  that  the  con- 
dunon  come  to  upon  the  first  questioii  necessarily  influences  the 
Opinions  held  on  the  second.  Those  who  believe  that  manure 
maiqr  be  advantageously  used  in  the  state  in  which  it  comes  from 
the  stables,  are  altogether  indifferent  in  regard  to  the  times  of 
eairrying  it  out.  They  take  advantage  of  every  leisure  moment 
that  occurs  for  performing  this  necessary  work,  which  is  no 
trifling  advantage ;  it  is  the  practice  which  we  follow  at  BecheU 
broim-^we  carry  but  our  manure  as  we  find  opportunity.  The 
lands  which  are  to  be  manured  in  the  spring  have  frequently  their 
supply  carried  out  during  winter  when  the  frost  enables  us  to  get 
upon  them.  The  dung  first  shot  down  in  little  heaps,  at  regular 
distances,  is  afterwards  spread  as  equally  as  possible,  frequently 
even  upon  the  snow ;  and  I  have  never  seen  any  ill  effect  fiwm 
the  practice.  The  custom  which  some  farmers  have  of  keying 
dung  in  large  heaps  in  the  field,  in  order  that  it  may  be  all  spread 
^d  worked  undw  at  the  same  time  by  the  plough  is  certainly  ob- 
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jectionable  ;  the  places  upon  which  these  heaps  have  been  laid 
are  evidently  too  strongly  manured  ;  no  manurey  save  that 
which  is  quite  fresh  and  very  long  in  the  straw,  or  which  it  is 
proposed  to  spread  immediately  in  furrows  ought  ever  to  be  laid 
down  in  large  heaps  upon  the  field. 

The  method  which  I  have  recommended  of  leaving  manure 
spread  over  the  surface  of  the  fields,  exposed  to  the  weather  for 
several  weeks  or  months,  has  been  severely  criticised.  By  such 
exposure,  it  has  been  said  the  dung  must  lose  its  volatile  ele^ 
ments,  and  the  rain  must  wash  out  and  carry  off  its  more  soluble 
parts.  Influenced  by  such  fears,  some  farmers  do  not  spread 
their  dung  until  the  moment  of  ploughing  it  in.  Such  diversity 
of  opinion  among  practical  men,  aU  personally  interested  in  de- 
riving the  greatest  possible  amount  of  advantage  from  the 
manure  they  employ,  must  not  be  thought  of  Ughdy  : 
when  different  modes  of  procedure  in  agriculture  i^re  the 
subjects  of  debate,  we  must  not  be  in  too  great  a  hurry  to 
oome  to  general  conclusions.  Climate  is  not  without  its  influ** 
ence  in  the  question  which  now  engages  us.  In  Alsace  experi* 
ence  has  pronounced  in  favour  of  the  practice  followed ;  but  in 
other  countries  there  may  be  very  good  reasons  for  not  pro- 
ceeding in  the  same  way.  In  Alsace,  where  the  annual  depth  of 
rain  amounts  to  26.7  inches,  no  more  than  4.3  inches  fall 
during  the  three  months  of  December,  January  and  February, 
In  a  district  where  a  larger  quantity  of  rain  falls  during  the 
winter,  the  manure  would  probably  suffer  from  the  procedure 
followed  in  Alsace. 

The  quality  of  the  manure  must  also  be  taken  into  considera- 
tion. A  dung-hill  which  contained  a  large  proportion  of  carbo- 
nate of  ammonia,  which  exhaled  a  strong  smell  of  volatile  alkali, 
would  infallibly  lose  in  value  by  any  unnecessary  or  prolonged 
exposure  to  the  air ;  but  the  loss  becomes  insignificant  when 
the  manure,  by  good  management,  is  brought  to  contain  but  a 
itmall  proportion  of  volatile  ammoniacal  salts,  as  happens  with 
manures  which  have  received  additions  of  gypsum ;  or  other- 
wise, when  the  dung-heap  has  been  carried  out  fresh,  and  at  a 
season  so  cold  that  it  can  be  kept  without  material  change  until  the 
period  arrives  for  spreading  it  over  or  working  it  into  the  ground. 
When  the  rains  are  not  exQWsive,  the  soluble  parts  of  noanur^ 
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spread  upon  the  ground  penetrate  and  remain  in  its  upper  stratum, 
exactly  as  happens  when  instead  of  being  buried,  it  is  spread  upon 
the  herbage  in  fuU  growth.  .  The  plan  of  top-dressing  is  often  of 
great  use,  and  is  another  and  a  practical  proof  of  how  little  de- 
triment results  from  leaving  manure  exposed  to  atmospherical 
vicissitudes.  The  procedure  by  top-dressing  has  arisen  from 
necessity :  it  was  first  resorted  to  with  the  view  of  giving  the 
land  an  addition  to  the  inadequate  dose  of  manure  which  it  had 
received  before  it  was  sown ;  but  it  has  been  foimd  to  answer  so 
well  in  many  districts,  that  it  has  been  continued.  We  have 
employed  it  at  Bechelbronn  upon  various  occasions  even  to  hoed 
crops,  and  with  decided  advantage,  the  main  one  being  that  time 
was  gained  for  the  production  of  manure. 

In  the  district  of  Marck,  the  practice  of  top-dressing  lands 
sowed  with  winter  grain,  is  rapidly  gaining  ground ;  the  dressing 
takes  place  when  the  blade  is  already  above  ground ;  and  expe* 
rience  proves  that  the  passage  of  the  waggons  over  the  field, 
and  the  feet  of  the  horses  and  the  men,  cause  no  appreciable 
mischief;  all  traces  of  them  very  soon  disappear.  Nevertheless  it 
is  decidedly  better  to  take  advantage  of  a  hard  frost  when  the  land 
will  bear  carts,  &c.,  for  the  performance  of  the  process.  This 
plan,  according  to  Schwertz,  is  found  to  answer  extremely  well 
in  Switzerland  for  hemp,  and  indeed  for  almost  everything  else. 
In  my  opinion,  top-dressing  ought  to  be  viewed  as  a  means  of 
giving  the  soil,  already  under  a  crop,  the  manure  which  we  had 
been  compelled  to  rduse  it  at  an  earlier  period.  Still  Thaer 
assures  us,  and  his  authority  is  always  of  great  weight,  that 
he  has  too  frequently  seen  the  good  efiiects  of  top-dressings 
to  beans,  peas,  and  leguminous  crops  in  general,  not  to  be 
satisfied  of  the  general  advantages  of  the  method,  in  con- 
nexion with  light  soils  especially,  in  which  the  sowing  may 
have  been  late. 

The  elementary  composition  of  farm-dung  is  a  point  which 
is  not  undeserving  of  consideration.  I  have  made  repeated  ana- 
lyses of  that  of  Bechelbronn,  operating  upon  it  in  a  medium  state 
of  decomposition.  The  animals  which  had  produced  this  dung 
were  thirty  horses,  thirty  oxen,  and  6rom  ten  to  twenty  hogs.  The 
absolute  quantity  of  moisture  was  ascertained  by  fii^t  drying  in 
the  air  a   considerable  weight  of  dung,  and  after  pounding. 
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continuing  and  completing  the  drying  of  a  given  quantity  in  the 
oil  bath  in  vacuo  at  a  temperature  of  230^  F. 
The  dung  prepared  in  the  winter  of  the  year 

1837-8  contained    .        •        .        •      20.4 1   per  cent,  of 

!.2/ 


AO«JO-^        •                •                  •                   •                   « 

Prepared  in  summer  of  1839    . 

.      19.6 

ct. 

Medium 

•      20.7 

Water 

.       79.3 

Analysis  yielded  the  following  results : 

Timet  of  prepwmtfcm.         Carbon.          Hydrofen. 

Oxygen. 

Aiotc. 

Ashes. 

Winter  1837-8     .     32.4            3.8 

25.8 

1.7 

36.3 

.     32.5            4.1 

26.0 

1.7 

35.7 

.     38.7            4.5 

28.7 

1.7 

26.4 

Spring  of  1838    .    36.4            4.0 

19.1 

2.4 

38.1 

1839   .    40.0            4.3 

27.6 

2.4 

25.7 

fp              fp       •     w4.u               4.3 

27.6 

2.0 

31.5 

On  the  average,  farm  dung  dried  at  238^ 

contains : 

Carbon 

35.8 

Hydrogen     • 

4.2 

Oxygen 

25.8 

Azote 

2.0 

Salts  and  earths 

32.2 

100.0 

When  moist  its  composition  is  represented  by : 


Carbon        . 

7.41 

Hydrogen   • 

0.87 

Oxygen 

5.34 

Azote 

0.41 

Salts  and  earths 

6.67 

Water 

79.30 

100.0 

The  constitution  of  dung-heaps  must  of  necessity  vary ;  those^ 
however,  which  have  a  common  origin  do  not  seem  to  present 
very  great  differences  in  the  proportion  of  their  elements.  Thus 
horse  dung,  in  the  south  of  France,  yielded  on  analysis  in  the  dry 
state  2.4  per  cent,  of  azote.  This  manure  contained  only  6 1 
per  cent,  of  moisture. 

Did  we  but  know  the  composition  and  the  quantity  of  the  ex^ 
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cretions  passed  in  the  course  of  the  twenty-four  hours  by  iiie 
various  animals  which  contribute  to  the  production  of  manure, 
we  should  be  able  to  determine  approximatively  what  the  ele- 
ments are  which  have  been  eliminated  in  the  course  of  the  fer- 
mentation. It  would  be  sufficient  to  compare  the  elementary 
matter  in  the  litter  or  fresh  dung  as  it  comes  from  the  stable 
with  that  which  exists  in  the  fermented  or  prepared  manure.  I 
have  data  which  I  think  sufficient  to  enable  me  to  institute  this 
comparison.  It  must  always  be  borne  in  mind,  however, 
that  the  analyses  which  I  shall  now  detail  were  made  upon  the 
excrements  of  a  single  individual  of  each  kind.  It  would  cer- 
tainly have  been  preferable  to  have  had  average  analyses  of 
average  qualities ;  but  the  object  I  had  in  view,  when  I  under- 
took these  experiments,  was  quite  different  from  that  which  I 
have  now  before  me. 

EXCBSTIONS   OF  THE   HORSE.* 

The  horse  was  fed  upon  hay  and  bats.  The  urine  and  the 
excrements  together  contained  76.2  per  cent  of  moisture.  In 
twenty-four  hours  the  excretions  weighed  :  moist  34.2  lbs.; 
dry  8.1  lbs. 

Their  composition  was  found  to  be : 


lu  the  dry  ttate. 

Molit  ditto; 

Carbon   . 

.        88.6 

9.19 

Hydrogen 

5.0 

1.20 

Oxygen  . 

.       36.4 

8.66 

Azote 

2.7 

4.13 

Salt«  and  earth       17.3' 

4.13 

Water    . 

•         »» 

76.17 

100.0  100.0 

EXCRETIONS   OF   THE   COW. 


The  cow  was  fed  upon  hay  and  raw  potatoes.  The  urine  and 
the  excrements  together  contained  86.4  of  moisture.  The 
weight  of  the  excretions  in  twenty-four  hours  was:  moist 
80.51bs.;  dry  10.91bs. 

*  The  size  of  the  horse  was  rather  below  the  average  usual  size  of  farm 
horses. 
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Their  composition  by  analysis  was : 


Carbon   • 

• 

Dry. 

39.8 

Wet. 
6.89 

Hydrogen 
Oxygen  . 
Azote 

• 
• 
• 

4.7 

35.5 

2.6 

0.64 
4.81 
0.36 

Salts  and  earth 

17.4 

2.36 

Water     . 

• 

>» 

86.44 

100.0  100.00 


SXCRBTI0N8   OF   THB   PIG. 


The  pigs,  upon  which  the  observations  were  made,  were  from 
six  to  eight  months  old.     They  were  fed  upon  steamed  potatoes. 
The  luine  and  the  excrements  lost  by  drying  82  per  cent,  of 
moisture.     The  average  of  the  excretions  yidded  by  one  pig 
in  twenty-four  hours  was:  moist  9.1  lbs. ;  dry  1.61b. 

Composition : 

Drf.  Moist. 

Carbon         .        .     38.7  6.97 

Hydrogen      .         .4.8  0.86 

Oxygen         .         .     82.6  5.85 

Azote  ...       3.4  0.61 

Salto  and  earth      •     20.6  87.1 

Water           .         .  82.00 

100.0         100.00 

The  litter  that  is  generally  employed  is  wheat-straw.  This 
straw,  in  the  condition  in  which  it  is  used,  contains  26  per 
cent,  of  moisture. 

Its  composition  is : 


Dried. 

Vndriea. 

Carbon         •        « 

»    48.4 

85.8 

Hydrogen     •        , 

.      6.3 

3.9 

Oxygen 

.     38.9 

28.8 

Azote            .         < 

.       0.4 

00.3 

Salts  and  earth 

.       7.0 

5.2 

Water 

•        >» 

26.0 

100.0  100.0 


At  Bechelbronn  each  horse  receives  daily  as  litter  4.4  lbs.  j 
each  cow,  6.61bs. ;  each  pig,  4.1  lbs.  of  straw. 


352 


COMPOSITION  OF  FARM-YARD  DUNG. 


To  the  stables  and  the  cow-houses  together  are  given  eveiy 
twenty.fourhours  J32.01bs.  of  straw  for  thirty  horses;  198.0lbs. 
for  thirty  homed  cattle;  66.0 lbs.  for  sixteen  pigs  ;  making 
396.0  lbs.  of  straw,  estimated  when  dry  at  292.61b3. 

The  composition  of  the  materials  which  constitute  the  dung 
produced  in  one  day  are  set  forth  in  the  following  table : 


Ezcretions  yielded 
In  24  hoars  by 

Weight 
when  dry. 

Weight 

in  the  wet 

sUte. 

Elements  of  the  dry  matter. 

Water 

constitu- 
ting the 
wet  matter 

Carb. 

Hydrog. 

Oxygen. 

Azote. 

SalU& 
earths. 

Thirty  horses   .       . 
Thirty  homed  csttle 
Sixteen  pigs     . 
Straw  used  in  Utter . 

lbs. 
246.06 

26.40 
292.60 

lbs. 

1028.28 

3416.48 

146.74 

a96.00 

lbs. 

94.60 

180.24 

10.12 

41.68 

lbs. 
1232 
16.40 

1.32 
16.62 

lbs. 

89.10 

116.16 

8.68 

113.74 

lbs. 
6.60 
8.68 
0.88 
1.10 

lbs. 
42.46 
66  98 

6.60 
20.46 

lbs. 

78SJM> 

2089.12 

120.54 

108.40 

The  average  or  mean  ^composition  of  this  mixture  may  be 
taken  as  follows : 


In  the  dry  state. 

In  the  wet  state. 

Carbon. 

Hydrog. 

Oxygen. 

Atote. 

SalU. 

Carbon. 

Hydrog. 

Oxygen. 

Aiote. 

Salt 

Water. 

42.3 

6.0 

36J 

1.9 

14.1 

9.4 

1.2 

a2 

0.4 

3.2 

77.6 

That  of  the  resulting  Dung: 
•             1              .till 

36.8 

4-2 

26.8 

2.0 

92Jt    I     7 A 

0.9 

6.3 

0.4 

67 

79.3 

On  comparing  the  composition  of  the  dung-heap  with  that 
of  the  different  kinds  of  litter  collected  in  a  day,  little  difference 
is  observed ;  the  larger  quantity  of  saline  and  earthy  matters  dis- 
covered in  the  fermented  manure  is  readily  explained  from  the 
additions  of  ashes  incorporated  with  it,  and  also  by  the  acci- 
dental admixture  of  earthy  matters  proceeding  fh)m  the  sweep- 
ings of  the  court,  the  earth  adhering  to  the  roots  consumed  as 
food,  &c. — refuse  of  every  kind,  the  residue  after  cleansing  the 
various  kinds  of  fodder  for  the  stable  and  stall,  &c.,  all  goes 
to  the  dung-heap.  Lastly,  and  with  reference  to  the  elements 
that  are  liable  to  be  dissipated  in  the  state  of  gas,  or  which  may 
be  changed  into  water,  the  azote  is  perceptibly  in  larger  quan- 
tity in  the  prepared  manure  than  in  the  unfermented  litter  and 
excretions.  This  is  at  once  seen  on  comparing  the  composition 
of  these  two  products  after  the  saline  and  earthy  matters  have 
been  deducted. 


Hydrogen. 

Oxygen. 

5.8 

42.7 

2 

6.1 

33.1 

3.0 
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Carbon. 

The  compoaition  of  fresh  litter,  is  .    49.3 
That  of  dung     ....     52.8 

Dung  IS,  therefore,  somewhat  richer  in  carbon  than  litter,  and 
it  contains  less  oxygen.  It  is  the  property  of  lignine  under- 
going decomposition,  that  it  yields  a  product  which  relatively 
aboimds  more  in  carbon  than  the  original  matter,  in  spite  of  the 
carbonic  acid  which  is  formed  and  thrown  off  during  the  altera- 
tions undergone ;  this  is  owing  to  the  elements  of  water  being 
thrown  oflF  in  relatively  still  larger  quantity  at  the  same  time. 

Fermented  dung  contains  less  oxygen  than  that  which  comes 
from  the  stable;  it  ought  also  to  contain  less  hydrogen:  but 
this,  analysis  does  not  proclaim.  It  must  be  observed,  how- 
ever, that  the  quantity  of  oxygen  (4.6),  the  loss  of  which  ap- 
pears would  require  no  more  than  0.57  of  hydrogen  to  constitute 
water ;  and  this  is  a  quantity  which  it  is  impossible  to  answer 
for  in  experiments  made  upon  such  substances  without  excessive 
delicacy  of  manipulation.  This  much  may  be  certainly  con- 
cluded, viz.,  that  manure  which  has  undergone  preparation 
contains  a  larger  relative  proportion  of  azote  than  the  substances 
which  have  concurred  in  its  production ;  and  for  this  reason,  it  is 
very  probable  that  upon  the  whole  a  very  trifling  loss  of  this  ele- 
ment is  experienced  if  the  fermentation  has  been  carefully  managed, 
and  the  manure  has  been  carried  out  and  distributed  upon  the  land 
before  its  decomposition  is  too  far  advanced.  This  conclusion, 
which  I  am  particularly  anxious  to  establish,  is  partly  explained 
by  the  interesting  researches  of  Mr.  Hermann,  which  go  to  prove 
that  woody  fibre  in  rotting  attracts  and  fixes  a  quantity  of  the 
atmospheric  air. 

Azote  is  in  fact  the  element  which  it  is  of  highest  importance 
to  augment  and  to  preserve  in  dung.  The  organic  substances 
which  are  the  most  advantageous  in  producing  manures  are  pre- 
cisely those  which  give  origin  by  their  decomposition  to  the 
largest  proportion  of  azotised  matters  soluble  or  volatile.  I  say  by 
their  decomposition,  because  the  mere  presence  of  azote  in 
matters  of  organic  origin  does  not  suffice  to  constitute  them 
manure.  Coal,  for  example,  contains  azote  in  very  appreciable 
quantity ;  and  yet  its  ameliorating  influence  upon  the  soil  is 
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absolutely  null ;  this  happens  from  coal  resistmg  the  action  of 
those  atmospheric  agencies  which  determine  that  putrid  fermen- 
tatioU)  the  ultimate  result  of  which  is  always  the  production  of 
ammoniacal  salts^  or  other  azotiscd  compounds  favourable  to  the 
growth  of  vegetables.  Whilst  we  admit  the  high  importance, 
indeed  the  absolute  necessity  of  azotic  principles  in  manures, 
then,  we  must  not  therefore  conclude  that  these  principles  are  the 
only  ones  which  contribute  to  fertilize  the  earth. 

It  is  unquestionable  that  the  alkaline  and  earthy  salts  are 
farther  indispensable  to  the  accomplishment  of  the  phenomena 
of  vegetation ;  and  it  is  far  from  being  sufficiently  shown  that  the 
organic  principles  void  of  azote  play  a  merely  passive  part  when 
added  to  the  soil.  But  with  few  exceptions,  the  fixed  salts, 
water  or  its  elements,  and  carbon  superabound  in  manure.  The 
element  which  exists  there  in  smallest  proportion  is  azote,  which 
is  the  one  also  that  is  most  apt  to  be  dissipated  during  the  al- 
teration of  the  bodies  that  contain  it.  For  these  reasons  azote 
is  really  the  element  whose  presence  it  is  of  highest  moment  to 
ascertain ;  its  proportion  is  that  in  fact  which  fixes  the  compa- 
rative value  of  different  manures. 

Since  it  is  by  undergoing  modification  in  the  course  of  their 
decomposition  by  putrefaction  that  those  azotised  substances 
which  are  favourable  to  vegetation  are  developed  in  quaternary 
compounds,  it  will  be  readily  imderstood  that  all  things  else 
being  equal,  a  manure  which  is  completely  decompoundable  into 
soluble  or  gaseous  products  in  the  course  of  a  single  season, 
win  exert  in  virtue  of  this  alone  the  whole  of  its  useful  influence 
upon  the  first  crop.  It  is  entirely  different  if  the  manure  de- 
composes more  slowly  ;  its  action  upon  the  first  crop  will  be  less 
obvious,  but  its  influence  will  continue  longer.  There  are  ma- 
nures which  act,  it  may  be  said,  at  the  moment  they  are  put 
into  the  ground ;  there  are  others,  the  action  of  which  continues 
during  several  years.  Nevertheless  two  manures,  although  act- 
ing within  periods  so  different  in  point  of  extent,  will  produce 
the  same  final  result  if  they  severally  contain  the  same  dose  of 
azotic  elements,  if  they  are  of  the  same  intrinsic  value. 

The  durability  of  manures,  the  length  of  time  during  which 
they  will  continue  to  exert  their  influence,  is  a  matter  of  great 
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importance.  It  often  depends  on  their  state  of  cohesion,  or  on 
their  insolubility,  though  dimate  and  the  nature  of  the  soil  have 
also  a  marked  influence  on  their  decomposition  and  consequent 
effects.  It  is  not  easy  in  the  present  state  of  knowledge  to  pre- 
diet  with  certainty  how  long  the  beneficial  effects  of  a  given 
manure  wiU  continue  to  be  felt ;  but  we  know  well  enough  what 
will  hasten  the  decomposition  of  manure,  and  what  will  retard 
this  final  result,  and  so  apportion  as  it  were  the  fertilizing  prin- 
ciples among  the  different  crops  in  the  rotation.  Aware  of  the 
importance  of  azote  in  manures,  M.  Payen  and  I  undertook  an 
extensive  series  of  analyses,  with  a  view  to  ascertain  the  propor- 
tion of  this  principle  in  the  various  matters  and  mixtures  made 
use  of  in  the  improvement  of  the  soil.  This  labour  enabled  us 
to  dass  maniu^,  and  assmning  farm-dung  as  the  standard,  to 
refer  each  to  its  place  in  a  comparative  scale,  I  shall  give 
the  conclusions  to  which  we  came  in  the  tabular  form ;  but  be- 
fore doing  this,  I  think  it  necessary  to  premise  a  few  observations 
upon  the  several  manures,  or  substances  usually  employed  in  pre- 
paring manures. 

Straw ^  woody  stems,  haum,  leaves  and  weeds.  The  straw  of 
com,  the  haum  and  stalks  of  various  plants  of  farm  growth, 
weeds  of  all  kinds,  and  leaves  collected  in  the  woods,  all  contri- 
bute to  increase  the  supply  of  manure. 

Straw  is  the  article  that  is  generally  employed  for  litter ;  its 
hollow  tubular  structure  which  makes  it  apt  to  imbibe  urine, 
renders  it  peculiarly  valuable  for  this  purpose ;  and  it  at  the  same 
time  supplies  a  soft  and  warm  bed  for  the  cattle.  The  weight 
of  the  straw  used  as  litter  may  be  doubled  by  the  absorption  of 
urine  and  admixture  with  excrements ;  but  it  is  by  its  very  na- 
ture and  of  itself  a  manure  which  is  not  to  be  slighted,  since  it 
contains  fi-om  2  to  6  thousandths  of  azote. 

The  stems  of  leguminous  plants — bean  and  pea  straw — ^are 
much  more  highly  azotised  than  the  straw  of  com ;  it  is  cer- 
tainly best  to  consume  this  article  as  forage  when  it  is  not  too 
woody  and  hard.  As  litter  it  is  ofl;en  unfit  to  form  a  good  bed 
for  cattle,  and  should  therefore  not  be  so  employed  alone ;  but  it 
presents  the  twofold  advantage  of  adding  to  the  manure  a  large 
proportion  of  azotised  principles,  and  at  the  same  time  of  effect- 
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ing  a  saving  of  straw.  At  Bechdbronn  we  have  found  it  very 
advantageous  to  mix  a  certain  quantity  of  the  dried  stems  of 
the  Madia  saiiva  (gold  of  pleasure)  with  both  our  cow-house 
and  stable  litter. 

In  forest  districts,  the  leaves  of  trees  are  frequently  used  as 
litter;  they  perhaps  absorb  urine  in  smaller  quantities  than 
straw  does,  but  as  they  are  much  more  highly  azotised,  they 
greatly  improve  the  quality  of  the  dung.  It  is  desirable  that 
the  materials  used  for  litter  should  be  capable  of  imbibing  a 
large  quantity  of  liquid ;  and  these  same  materials  are  by  so 
much  the  more  advantageous  as  the  proportion  of  azote  which 
enters  into  their  composition  is  high.  The  leaves  of  trees  combine 
both  of  these  conditions,  and  are  therefore  an  immense  resource 
in  districts  where  they  can  be  procured  in  abundance.  Where 
the  woods  are  strictly  preserved,  the  removal  of  the  leaves  is 
generally  prohibited ;  and  it  is  doubtless  injurious  to  deprive  the 
soil  of  them  in  young  plantations ;  but  where  the  timber  is 
&rther  advanced,  the  objections  to  their  removal  are  infinitely 
less,  and  it  is  therefore  generally  permitted  to  carry  them  away 
within  certain  limits.  And  when  it  is  seen  that  from  natural 
causes  a  great  part  of  the  leaves  is  actually  lost  to  the  soil  of 
the  forest,  the  wind  sweeping  them  into  the  ravines,  whence 
they  are  carried  away  by  the  rains,  it  is  evidently  far  better  to 
allow  the  poorer  cultivators  to  profit  by  them.  The  benefit  ob- 
tained appears  the  greater,  as  the  time  and  labour  bestowed  in 
collecting  the  leaves  is  not  taken  into  the  reckoning. 

Bean  straw  and  other  stalks  of  a  very  hard  and  thready  na- 
ture make  but  indifferent  litter,  they  are  oflen  so  hard  that 
they  hurt  cattle,  and  then  their  cuticle  being  impermeable  they 
absorb  little  or  no  urine.  It  has  been  proposed  to  crush  them 
in  the  mill  or  to  cut  them  in  pieces,  but  either  of  these  pro- 
cesses is  attended  with  expense.  The  best  thing  to  do  would 
sometimes  be  to  place  them  where  they  would  get  crushed  under 
the  wheels  of  the  farm  carts.  The  use  of  woody  stems  of  every 
description  would  be  attended  with  unquestionable  saving  in  the 
useful  article  of  straw,  and  it  must  never  be  forgotten  that  to 
economise  straw  as  litter,  is  to  increase  the  quantity  of  available 
forage.     If,  for  example,  it  were  possible  to  reduce  to  the  state 
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of  Ktter  the  woody  stems  of  the  Jerusalem  artichoke  in  places 
where  this  vegetable  is  grown  to  any  extent,  the  advantages 
would  be  very  decided ;  the  quantity  of  these  stalks  collected 
from  an  acre  may  amount  to  from  four  to  five  tons ;  the  pith 
of  which  they  are  almost  entirely  composed  is  of  a  very  spongy 
nature  and  well  fitted  to  absorb  fluids.  These  stalks  are  light, 
and  properly  bruised,  would  probably  replace  an  equal  weight  of 
straw,  first  as  litter  and  then  as  an  element  of  the  dunghill,  in- 
stead of  being  burned  as  at  present  to  heat  the  oven  or  to  boil 
the  copper,  which  seems  of  all  methods  the  worst  to  derive  any 
advantage  from  the  woody  haum,  whether  of  the  Jerusalem  arti- 
choke, the  potato,  rape,  &c.  These  substances  contain  about 
4  per  1 000  of  azote,  and  are  most  profitably  transformed  into 
manure.  We  have  found  that  by  placing  them  at  the  bottom 
of  the  dung-heaps,  they  end  by  undergoing  decomposition;  even 
the  most  woody  stems  of  vegetables,  indeed,  decompose  pretty 
rapidly  when  they  are  impregnated  with  urine  and  mixed  with 
the  droppings  of  animals.  Mere  moisture  without  other  addi- 
tion does  not  suffice,  they  then  rot  with  extreme  slowness. 

The  green  parts  of  vegetables  buried  in  the  ground  with  the 
water  they  contain,  undergo  decomposition  rapidly ;  the  best  plan 
of  using  them  as  manure  would  therefore  be  to  plough  them  in 
at  once,  were  there  not  certain  objections  to  this.  In  the  first 
place  it  cannot  always  be  done,  on  account  of  the  season  and  the 
crops  upon  the  ground ;  and  then  it  might  be  imprudent  to 
return  to  the  earth  the  noxious  weeds  which  had  just  been 
pulled  up,  frequently  full  of  seeds  which  would  not  frdl  to  make 
their  existence  known  before  long.  It  is  besides  often  impossible 
to  bring  loads  of  weeds  to  the  farmstead ;  the  best  thing  that 
can  then  be  done  is  to  change  them  'rapidly  into  manure  in  a 
comer  of  one  of  the  fields  which  has  produced  them.  This  is 
readily  accomplished  by  means  of  lime ;  a  bed  is  first  made  of 
the  weeds  about  1 4  inches  thick,  this  is  then  covered  with  a 
thin  layer  of  quick  lime,  fit)m  half  an  inch  to  an  inch  in  thick- 
ness ;  another  layer  of  weeds  is  laid  on,  and  then  another  layer 
of  quick  lime,  and  so  on  in  succession.  After  a  few  hours  the 
action  between  the  dry  lime  and  the  moist  herbage  begins,  and 
it  may  be  so  intense  as  even  to  go  the  length  of  burning,  to 
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prevent  which  the  pile  must  be  covered  with  earth  or  with  turf, 
and  every  means  used  to  prevent  the  access  of  air.  The  pro- 
cess is  generally  complete  vHithin  twenty-four  hours,  and  the  heap 
inay  then  be  spread  as  manure.  Before  proceeding  to  such  an 
operation,  however,  it  would  be  highly  proper  to  calculate  its 
cost  All  depends  on  the  price  of  the  lime  and  the  labour ;  and 
all  things  considered,  I  myself  much  doubt  whether  the  plan 
could  be  followed  with  advantage. 

Chreen  manures.  Under  this  title,  I  include  the  green  parts  of 
vegetables  which  form  part  of  our  crops,  such  as  the  haum  of 
potatoes,  the  outer  leaves  of  carrots,  cabbages,  beet,  turnips,  &c. 
These  articles  are  at  once  forage  and  manure,  and  it  is  for  the 
husbandman  to  decide  in  conformity  with  his  position  and  par- 
ticular resources  whether  he  ought  to  bury  them  at  oncci  or 
to  use  them  first  as  food  for  cattle. 

From  my  own  experience  I  should  say  that  the  leaves  of 
beet  and  of  turnips,  and  potato  haum  were  articles  which 
ought  only  to  be  given  to  cattle  in  cases  of  necessity.  It  is 
generally  much  better  to  bury  them  in  the  ground  immediately 
after  the  crop  is  gathered ;  if  they  be  very  indifferent  food,  they 
are  on  the  contrary  excellent  manure,  superior  in  quality  even  to 
the  best  farm  dung.  From  the  experiments  I  have  made  on  this 
subject,  I  find  that  the  potato  tops  from  an  acre  of  ground  may  be 
equal  to  6  or  7  hundred  weight  of  that  manure  presumed  to  be  dry ; 
and  the  leaves  of  the  beet  firom  the  same  extent  of  surface  are  equal 
to  more  than  2 1  hundred  weight  of  the  same  manure,  also  in  a 
state  of  dryness.  It  is  among  green  manures  that  we  are  to  dass 
the  sea-weed  or  marine  plants  which  in  many  places  are  em- 
ployed for  improving  the  soil.  These  cryptogamic  plants  which 
abound  in  azote,  have  a  fertilising  power  superior  to  that  of  com- 
mon dung,  a  fact  which  explains  the  great  store  which  is  set  in 
Brittany  by  the  sea-weed  that  is  collected  on  its  coasts.  Sea- 
weed is  employed  either  fresh  and  as  it  comes  from  the  sea,  or 
half  dried,  or  macerated,  or  roasted  and  even  partially  burned. 
It  appears  to  act  at  once  in  virtue  of  the  azotised  organic  mat- 
ters which  it  contains,  of  the  hygrometric  properties  which  it 
possesses,  and  of  the  saline  substances  which  enter  into  its  com- 
position.  The  agricultiuists  of  Brittany  have  employed  sea-weed 
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as  manure  from  time  immemorial ;  and  so  have  the  people  of 
Scotland  and  Ireland,  In  Brittany,  the  sea-weed  is  gathered  at 
periods  fixed  by  law.  The  first  gathering,  as  well  as  that  which 
has  been  cast  up  by  the  waves,  is  given  up  to  the  poor.  The 
gatherings  then  take  place  at  regular  intervals  by  means  of  a 
kind  of  cuttmg  rake.  The  sea-weed  cut  fi'om  the  rocks  is  piled 
upon  rails  or  thrown  into  barges  and  carried  to  the  shore ;  and 
there  is  a  trade  carried  on  in  the  article  all  along  the  shores  of  the 
channel  between  Genest  and  Cape  La  Hogue,  from  the  Chansey 
Isles,  and  from  the  coast  of  Calrados. 

When  searweed  is  employed  in  the  fi*esh  state,  it  is  ploughed 
in  as  speedily  as  possible.  For  those  kinds  of  crops  which  re- 
quire made  manures,  the  sea-weed  is  stratified  with  dung  and  so 
left  to  ferment.  In  some  places  the  sea-weed  is  roasted  or  im- 
perfectly burned,  by  which,  while  a  large  proportion  of  the  vege- 
table tissue  is  destroyed,  an  azotised  product  is  still  left  behind. 
Before  burning  the  sea-weed,  it  is  exposed  for  a  time  to  the  air 
and  the  rain,  and  it  is  then  dried  bemg  fi^uently  turned.  In 
this  state,  it  is  even  used  as  fuel  in  places  where  wood  is  scarce. 
One  great  advantage  in  searweed  which  has  been  particularly  in* 
dicated,  is  its  total  fi'eedom  firom  the  seeds  of  noxious  weeds. 

Aquatic  plants  which  grow  in  fresh  water  may  also  be  em- 
ployed as  manure ;  the  common  reed  cut  and  buried  green,  de- 
composes rapidly.  And  here  I  may  mention  that  to  destroy 
reeds,  which  are  often  a  cause  of  great  annoyance  in  ponds, 
Schw^z  recommends  lowering  the  water  about  1 6  inches,  cut- 
ting the  plant,  and  then  raising  the  water  to  its  old  level ;  the 
water  enters  the  interior  of  the  stems  and  they  all  die  in  a  very 
short  space  of  time. 

Crops  which  are  buried  green,  for  the  improvement  of  the 
soil,  are  also  to  be  ranked  in  the  list  of  the  manures  which  now 
engage  us.  The  plan  of  biuying  green  crops  dates  fi-om  the  most 
remote  antiquity  ;  it  was  greatly  recommended  by  the  Romans, 
and  is  followed  in  Italy  at  the  present  day.  The  plants  usually 
grown  for  the  purpose  of  being  burned  green  are  colza  or  cole- 
wort,  rape,  buckwheat,  tares,  trefoil,  &c.  The  preference,  how- 
ever, is  given  to  one  or  other  of  the  leguminous  plants,  such  as 
tares,  lupins,  &c.,  plants  which  appear  to  have  the  highest  power 
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of  extracting  azotised  prioGiples  from  the  atmosphere ;  and  indeed 
the  value  of  the  whole  process  is  ^nded  upon  this  fenctf  for  other- 
wise it  would  be  impossible  to  give  any  reason  for  this  long  ac- 
credited mode  of  improvmg  the  soiL  This,  too,  is  one  of  the 
ways  in  which  faDowing  becomes  useful ;  it  is  not  merely  the 
rest  which  the  land  thus  obtains,  it  is  also  benefitted  by  the  ve- 
getables which  grow  upon  it  spontaneously  which  come  to  mar 
turity  and  die,  leaving  in  this  way  in  the  ground  all  they  had 
attracted  from  the  atmosphere,  or  fixed  firom  the  wato*  with 
which  they  had  been  supplied. 

SeedSy  OiUcdke.  It  is  in  the  seed  that  by  far  the  laigest 
proportion  of  the  azotised  matter  assimilat^  by  vegetables 
during  their  growth  is  finally  concentrated  at  the  period  of  their 
maturity.  Seeds  are  consequently  very  powerful  manures,  and 
great  advantage  is  taken  of  them.  In  Tuscany,  lupin  seed  is 
sold  as  manure;  it  contains  3^  per  cent  of  azote.  It  is  employed 
after  its  germinating  power  has  been  destroyed  by  boiling  or 
roasting.  The  cultivation  of  the  lupin  is  carried  on  in  districts, 
the  situation  of  which  is  such  that  difficulty  would  be  expe- 
rienced in  exporting  more  bulky  crops.  Grains  ftoia  the  brew- 
ery would  also  make  excellent  manure  were  it  not  generally 
found  more  advantageous  to  use  them  as  food  for  cattle.  In 
some  places,  however,  where  there  is  no  adequate  demand  for 
them  in  this  direction,  they  are  dried  upon  a  kiln,  and  are  then 
equal  to  twice  and  a  half  their  weight  of  farm  dung ;  in  some 
places  they  are  actually  sold  at  a  proportionate  price.  The  state 
of  division  of  grains  admits  of  their  being  regularly  spread.  In 
some  parts  of  England,  grains  are  used  in  the  proportion  of 
from  40  to  50  bushels  per  acre  for  wheat  or  barley.* 

The  refuse  of  the  grape  in  wine  countries  contains  a  large 
quantity  of  azotised  matter.  The  decomposition  of  the  grape 
stones  being  slow,  this  refiise  answers  admirably  as  a  manure  for 
vines. 

Oleaginous  seeds  after  the  extraction  of  the  oil  leave  a  residue 
which  is  an  article  of  commerce,  and  is  familiarly  known  under 
the  name  of  cake.  Oil  contains  no  appreciable  quantity  of  azote; 
this  principle  is  contained  entirely  in  the  cake,  which  becomes 

*  Sinclair,  Agriculture,  vol.  i. 
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through  this  alone  most  excellent  manure.  The  proportion  of 
azote  which  cake  contains,  vaiies  from  3^  to  9  per  cent.  Oil- 
cake, from  its  mode  of  preparation,  contains  but  very  little 
moisture,  and  consequently  offers  great  facilities  in  the  way  of 
carriage ;  it  may  be  taken  mthout  difficulty  to  situations  whither 
a  load  of  dung  could  scarcely  be  carried. 

Cake  is  applied  in  two  modes:  1st.  In  powder,  and  by  sow- 
ing upon  the  field,  sometimes  mixed  with  the  seed.  2nd.  Mixed 
in  water  or  in  the  drainings  of  the  dung-hill,  in  which  case 
the  liquid  containing  the  products  of  the  decomposition  of  the 
cake  is  distributed  over  the  land.  By  putrefaction  under  water, 
cake  yields  a  matter  of  extreme  fetor,  comparable  both  in  poibt  of 
smell  and  of  effects  on  vegetation  to  human  excrement  obtained 
from  privies. 

Although  cake,  from  the  large  proportion  of  albumen 
and  legumen  which  it  contains,  be  an  excellent  food  for 
cattle,  it  is  still  found  more  advantageous  in  many  districts  to 
use  it  as  manure  than  for  feeding.  England  imports  oil-cake 
from  all  parts  of  the  continent.  France  alone,  from  1836  to 
1840,  exported  more  than  117,860  tons  of  the  article.  Oil- 
cake has  been  particularly  recommended  as  manure  for  light 
sandy  soils.  When  the  soil  is  clayey  and  cold,  Schwertz  recom- 
mends a  mixture  of  one  part  of  lime  and  6  parts  of  powdered 
cake.  To  me,  however,  the  addition  of  lime  has  always  ap- 
peared a  questionable  auxiliary  in  such  manures  as  give  rise 
readily  to  ammoniacal  products,  as  is  the  case  with  oil-cake. 
For  clayey  lands,  it  would  perhaps  be  advisable  to  employ  oil- 
cake in  a  state  of  decomposition  and  diffused  in  water ;  its 
effects,  I  imagine,  would  not  be  doubtfrd. 

Oil-cake,  as  a  manure,  is  employed  at  very  different  seasons, 
according  to  the  nature  of  the  husbandry.  It  is  always  well  to 
employ  it  in  rainy  weather.  Its  effect  is  always  certain,  if  it 
comes  on  to  rain  two  or  three  weeks  after  it  has  been  put  into 
the  ground.  Drought'  suspends  its  action  ;  it  frequently  hap- 
pens, indeed,  that  the  first  crop  shows  none  of  its  good  effects ; 
but  these  never  fail  to  appear  in  subsequent  crops.  Schwertz 
remarks  very  properly,  that  this  circumstance  has  led  many 
farmers  to  overlook  the  real  advantages  that  belong  to  this  ma- 
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nure.  Cake,  in  fact,  according  to  the  dryness  or  moistness  of 
the  season,  may  act  as  a  manure  either  of  difficult  or  of  easy  de- 
composition, and  so  produce  more  immediate  or  more  remote 
effects.  In  England  about  800  weight  of  oil-cake  per  acre  are 
commonly  applied.  Mr.  Coke,  of  Holkham,  ploughed  in  the  pow- 
dered cake  about  six  weeks  before  sowing  turnips,  but  it  is  held 
more  economical  and  more  advantageous  to  strew  it  in  fine 
powder  along  the  furrow  with  the  seed.  The  latter  view,  how- 
ever, must  not  be  too  confidently  acted  on  by  farmers ;  the 
general  recommendation  to  sow  the  fields  with  powdered  cake, 
either  some  weeks  before  or  some  weeks  afler  putting  in  the 
seed,  and  when  the  plants  have  already  sprung  appears  to  be  the 
right  one.  We  have  various  observations  made  by  one  of  our 
most  experienced  practical  farmers  which  prove  that  oil-cake 
used  dry  and  without  mixture  often  produces  the  most  injurious 
effects  upon  germination.  In  September,  1824,  M.  Yilmorin, 
desiring  to  make  a  comparative  trial  of  different  pulverulent 
manures,  strewed  a  quantity  of  powdered  colewort-cake  upon  a 
piece  of  red  clover.  Upon  all  the  parts  of  the  field  which  had 
received  other  manures,  applied  in  the  same  way,  the  dover 
sprung  perfectly ;  but  that  which  had  received  the  oil-cake  con- 
tinued absolutely  naked ;  the  cake  had  been  employed  in  the 
proportion  of  about  800  weight  per  acre.  The  same  result  was 
also  obtained  in  a  trial  made  with  vetches  and  grey  winter  peas."*^ 
Duhamel,  referring  to  similar  facts,  recommends  the  cake  to  be 
applied  ten  or  twelve  days  before  sowing.  In  Flanders,  firom 
6  to  7  cwt.  per  acre  is  the  quantity  generally  employed  for  wheat 
crops,  and  it  is  scattered  over  the  surface  before  winter  sets  in, 
when  the  grain  is  already  above  the  ground. 

The  pulp  of  the  beet-root  which  has  been  employed  in  the 
sugar  manufactories  of  France  and  Flanders,  is  an  article  which 
as  food  for  cattle  is  known  not  to  be  inferior  to  the  root  before 
it  has  undergone  expression,  and  it  contains  nearly  the  same 
proportions  of  sugar,  albumen,  &c.  It  is,  therefore,  always  used 
as  food  to  as  great  an  extent  as  possible.  But  the  article  is  kept 
with  difficulty,  and  the  production  at  times  far  exceeds  the 
powers  of  consumption,  so  that  it  has  to  be  made  into  manure, 

*  Vilalori^,  in  MaiBon  Rustique,  vol.  i,  p.  204. 
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for  which  it  answers  excellently.  The  skimmings  and  dregs 
which  are  collected  in  the  process  of  sugar  making,  are  also  avail- 
aUe  as  manure.  They  contain  about  the  same  amoimt  of  azote 
or  azotised  matter  as  farm  dung,  and  are  therefore  of  similar 
value.  The  animal  charcoal  of  the  sugar  refinery,  after  it  has 
served  its  office  there,  is  an  admirable  maniure.  It  is,  in  fitct, 
bone  or  ivory-black,  mixed  with  the  coagulated  blood  which  has 
been  employed  to  clarify  the  syrup  by  entangling  impurities,  and 
a  very  small  quantity  of  sugar.  This  mixture,  so  rich  in  azotise^ 
principles,  used  actually  to  be  turned  into  the  sewers  \mtil  the 
year  1824,  when  M.  Payen  showed  its  value  as  manure,  since 
which  time  nearly  10,000  tons  have  been  annually  employed  in 
ameliorating  the  soil,  to  the  great  advantage  of  practical  agricul* 
ture.  The  importance  of  the  trade  in  this  residue  of  the  sugar 
house,  and  complaints  of  the  occasional  indifferent  quality  of  the 
article,  attracted  the  attention  of  the  department  of  the  Inferior* 
Loire  in  1838,  and  led  to  the  appointment  of  an  inspector  of 
the  manure  shipped  fi-om  the  port  of  Nantz.  I  may  here  ob- 
serve, that  in  testing  a  manure  it  is  by  no  means  enough  to 
limit  attention  to  the  quantity  of  organic  matter  which  it  con- 
tains. The  only  sure  means  is  to  determine  the  amount  of  azote ; 
it  is  not  organic  matter,  but  the  amount  of  azotised  organic 
matter  upon  which  almost  alone  depends  the  value  of  the 
manure. 

The  residue  of  the  sugar  refinery  is  another  of  those  articles 
which  presents  an  occasional  anomaly  in  its  application,  and 
which  must  not  be  left  unnoticed.  Its  effect  upon  the  ground 
has  not  only  been  extremely  variable,  but  it  has  sometimes  hap- 
pened that  this  manure,  laid  on  very  soon  after  coming  from  the 
manufactory,  has  been  found  decidedly  injurious  to  v^tation. 
Kept  for  some  time,  for  a  month  or  two,  in  a  heap  before 
being  applied,  its  effect  has  not  only  been  found  more  cer- 
tain but  also  uniformly  favourable. 

It  is  not  difficult  to  explain  these  divers  and  opposite  in- 
fluences :  the  sugar  contained  in  the  refuse  undergoing  fermenta- 
tion yields  first  alcohol,  and  then  acetic  and  lactic  acids. 
Employed  in  this  state,  the  substance  must  necessarily  prove 
injurious  to  vegetation.     It  is  only  after  it  has  lain  for  a  suffi- 
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cient  length  of  time  exposed  to  the  air,  to  have  had  the  animal 
matter  it  contains  changed  into  ammonia,  and  the  organic  acids 
engendered  saturated  with  this  base,  that  it  becomes  truly  useful 
to  vegetation.  The  heap  indeed  then  shows  alkaline,  not  acid 
re-action.* 

The  residue  of  the  starch  manufacturer^  the  fetid  water 
which  is  obtained  in  such  quantity  in  the  process  of  making 
starch  from  grain  is  a  powerful  manure,  and  ought  not  to  be 
suffered  to  run  to  waste. 

The  pulp  or  residue  of  the  potato  which  is  now  produced  in 
considerable  quantity  in  the  potato  starch  manufactories,  is  known 
to  be  an  excellent  article  of  food  for  hogs  and  cattle.  Towards 
the  end  of  the  season,  however,  it  is  apt  to  be  of  very  indiffe- 
rent quality,  and  green  food  having  by  this  time  come  in  abun- 
dantly, it  often  goes  to  the  dung-hill.  In  the  dry  state,  it  is  worth 
its  own  weight  of  farm  dung ;  wet,  1 00  of  the  pulp  may  be  equal 
to  about  1 3 1  of  farm-yard  dung.  The  water  which  has  served 
for  washing  out  the  starch  from  the  pulp,  as  in  the  case  of  wheat 
and  other  grain,  contains  an  organic  substance  which  when 
dried  constitutes  pulverulent  manure  that  is  equal  to  about  half 
its  weight  of  the  dry  manure  prepared  from  night  soil,  which 
the  French  call  poudrette.  M.  Dailly  made  a  comparative  trial 
of  these  two  kinds  of  manure,  and  from  actual  experiment  found 
that  200  parts  of  the  deposit  from  the  starch  manufactory  might 
be  used  for  1 00  of  poudrette.  Even  the  water  that  is  used  in 
the  manufacture,  and  from  which  the  substance  in  question  is 
deposited,  is  an  excellent  manure  when  thrown  upon  the  ground, 
a  circumstance  which  is  by  so  much  the  more  fortimate  that 
this  water  by  standing  putrifies  and  throws  off  most  offensive 
exhalations.  By  using  the  liquor  to  his  fields,  at  once,  M.  Dailly 
prevents  every  kind  of  annoyance  to  himself  and  his  neighbours, 
and  moreover  from  his  great  starch  manufactory  he  realises  in 
this  way  an  additional  profit  which  he  estimates  at  upwards  of 
£60  per  annum.  Analysis  has  shown  that  100  of  this  water 
from  the  potato  starch  manufactory  represents  1 7  of  moist  farm- 
yard dung. 

In  cyder  countries,  the  pulp  of  the  apples  that  have  been 

*  Payen  and  Boussingault,  Ann.  de  Chimie,  v.  in,  p.  95,  de  s^rie. 
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pressed  is  always  thrown  upon  the  land  as  manure.  At  Bechel- 
bronn  we  reserve  it  for  our  Jerusalem  artichokes ;  in  Normandy  it 
is  thought  excellent  for  meadows  and  young  orchards.  Analysis 
of  the  pulp  of  apples^  grown  in  Alsace  shows  that  when  dry  it 
contains  a  quantity  of  azote,  which  places  it  on  the  same  footing 
as  farm-yard  dung.  Sinclair  informs  us  that  in  Herefordshu*e 
the  pulp  of  the  cyder  press  is  made  into  good  manure  by  being 
mixed  with  quick  lime  and  turned  two  or  three  times  in  the 
course  of  the  following  summer.  Doubtless  the  addition  of 
lime  will  hasten  the  decomposition  of  the  woody  matter  of  the 
pulp  ;  but  it  strikes  me  that  this  will  take  place  rapidly  enough 
of  itself  in  the  ground  without  contriving  any  means  of  accele- 
rating the  process. 

Animal  remains.  The  remams  of  dead  animals  and  the 
animal  matters  obtained  from  the  slaughter  house  are  powerful 
manures,  which  are  much  sou^t  after  in  places  where  their 
value  is  properly  appreciated.  Scraps  and  the  refuse  of  skin, 
hair,  horn,  tendons,  bones,  feathers,  &c.,  all  form  invaluable  ma- 
nure. The  flesh  of  animals  which  die,  and  so  much  of  that  of 
horses  that  are  slaughtered  which  cannot  be  used  as  food  for  ani- 
mals, may  be  dried  after  having  been  previously  boiled,  and  then 
reduced  to  powder  and  applied  as  manure.  The  blood  of 
slaughtered  animals  is  less  proper  as  food  for  hogs,  although  it 
is  often  used  in  this  way,  than  muscular  flesh ;  it  even  occasion- 
ally gives  rise  to  serious  diseases  among  these  animals.  It  is 
most  easily  prepared  as  manure,  however,  for  which  it  answers 
admirably ;  it  is  enough  to  coagulate  it  by  exposure  to  heat,  and 
then  having  broken  it  down,  to  dry  it  in  the  air  or  in  the  stove. 
Liquid  blood  has  been  employed  as  manure,  but  decomposition 
then  takes  place  so  rapidly,  that  the  products  are  exhaled  with- 
out producing  much  effect.  This  objection  may  be  remedied  by 
two  means,  either  by  diluting  the  blood  in  a  large  quantity  of 
water,  with  which  the  land  is  then  irrigated,  or  by  mixing  it 
with  a  considerable  mass  of  vegetable  earth,  which  is  then  ap- 
plied like  ordinary  manure.  There  is  even  a  pulverulent  manure 
of  which  blood  forms  the  basis,  prepared  in  special  establish- 
ments in  the  vicinity  of  various  large  towns.  The  large  quan- 
tity of  azote  contained  in  these  manures  shows  how  their  value 
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may  be  such  as  to  permit  of  their  being  advantageously  ex- 
ported to  great  distances  beyond  seas. 

Banes  are  employed  in  agriculture  after  having  had  the  &t 
which  they  contained  extracted  from  them  by  boiling.  They  are 
crushed  by  being  passed  between  the  teeth  or  grooves  of  a 
couple  of  cast-iron  rollers.  They  must  be  regarded  as  a  manure, 
the  action  of  which  is  of  long  duration,  because  the  animal  mat- 
ter contained  in  them  decomposes  slowly,  protected  as  it  is 
by  the  earthy  casing  which  surrounds  it.  In  England  from  50 
to  60  bushels  of  bruised  bones  per  acre  are  usually  put  upon 
land  prepared  for  turnips. 

The  employment  of  bones  as  manure  has  given  rise  to  the 
most  various  and  contradictory  observations.  In  certain  circum- 
stances their  effect  upon  vegetation  has  been  almost  null ;  in 
others  their  action  has  been  decisive  and  most  favourable.  M. 
Payen  has  given  a  solution  of  these  anomalies  which  is  perfectly 
satisfactory.  According  to  my  learned  colleague,  bones  in  their 
interstices,  contain  a  quantity  of  fat  of  various  consistency, 
which  may  be  removed  by  long  boiling  in  water ;  the  average 
quantity  of  grease  obtained  from  fresh  bones  is  about  10  per 
cent.  It  has  been  observed  that  this  fatty  matter  diminishes 
gradually  in  bones  that  dry  by  long  exposure;  it  even  dis- 
appears almost  entirely  when  they  are  dried  at  a  high  tempe- 
rature. This  happens  from  the  water  which  is  disengaged  fix)m 
the  bony  tissue  by  the  effect  of  evaporation,  being  replaced  by 
fat  melted  by  the  heat.  The  consequence  of  this  is,  that  the 
oiganic  tissue  of  bone,  which  was  already  sufficiently  rebellious 
to  decomposition,  becomes  still  less  alterable  when  it  is  im- 
pregnated with  grease.  The  grease,  in  fact,  by  reacting 
upon  the  carbonate  of  lime  of  the  bone,  has  formed  an  earthy 
soap  which  long  resists  atmospherical  influences  and  change 
under  ground. 

It  will  readily  be  understood  that  bones  in  this  condition  can 
have  little  or  no  action  upon  vegetation,  unless  indeed  they  be 
reduced  to  very  fine  power.  This  alone  will  explain  how  it  may 
happen  that  some  bones,  after  having  remained  four  years  in  the 
ground,  have  been  found  to  have  lost  no  more  than  8  per  cent  of 
their  weight,  whilst  those,  the  grease  of  which  has  been  removed 
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by  boiling  water,  have  lost  in  the  same  space  of  time  from  26 
to  30  per  cent,  of  their  weight.* 

These  observations  of  M.  Payen  show  how  completely 
Schwertz  was  mistaken  when  he  ascribed  the  indiflFerent  quality 
of  the  manure  prepared  from  old  bones,  or  from  bones  that  had 
been  boiled,  to  the  absence  of  fat,  which  he  regards,  I  know  not 
on  what  authority,  as  a  substance  extremely  favourable  to  vege- 
tation. It  is  not  very  obvious  how  fatty  substances  should  act 
as  manures.  I  myself  ascertained  from  experiments  made  some 
years  ago  with  a  view  to  test  the  conclusions  of  an  agriculturist 
who  ascribed  the  good  ejects  of  cake  to  the  fatty  matters  which 
it  contsdned,  that  rape-oil  had  no  kind  of  favourable  influence 
upon  the  growth  of  wheat.  I  have  said  nothing  here  upon  the 
importance  of  the  earthy  matter  of  bones,  particularly  of  the 
calcareous  phosphate  which  they  contain,  but  which  is  neverthe- 
less acknowledged  to  be  of  great  importance. 

The  refuse  from  the  glue  maker^Sy  washed  and  pressed,  con- 
tains all  the  animal  matters  which  have  resisted  the  action  of 
boiling  water,  such  as  portions  of  tendinous  and  skinny  substance, 
hair,  pieces  of  bone,  of  horn,  and  of  flesh,  a  calcareous  soap, 
and  earthy  matters.  This  mixture  putrifies  rapidly ;  but  dried 
it  may  be  preserved  for  a  great  length  of  time.  Analysed  dry, 
it  yields  about  4  per  cent,  of  azote.  From  4  to  5  cwt.  per  acre 
are  employed,  but  it  is  necessary  to  manure  every  year. 

The  refuse  of  the  tallow  meltery  graves^  as  it  is  called,  a 
residue  consisting  in  great  part  of  the  membranes  which  have 
enveloped  the  fat  of  our  domestic  animals,  mixed  with  a  little 
blood,  some  flesh  and  bony  matter,  and  grease,  has  hitherto  been 
employed  almost  exclusively  as  food  for  dogs.  Of  late,  how- 
ever, graves  have  been  used  as  manure,  and  analysis  shows  that 
this  substance  must  be  estimated  as  equal  to  about  3^,  farm 
dung  being  fixed  at  one.  Used  in  this  proportion,  graves  produce 
a  marked  effect.  The  action  of  graves,  which  may  be  thrown 
on  in  fragments  and  dry,  or  after  having  been  steeped  in  hot 
water,  and  reduced  to  the  state  of  a  pulp,  will  continue  for  three 
or  four  years. 

Shreds  of  woollen  rags  form  a  good  manure  for  vines  and 

♦  Payen,  Maison  Rustique,  v.  i.  p.  194. 
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olive-trees  especially,  though  they  are  also  available  in  husbandry 
of  every  description.  The  large  proportion  of  azote  and  the 
small  quantity  of  water  contained  in  woollen  rags,  oonstitate 
them  not  only  one  of  the  richest  manures,  but  also  one  of  Uiose 
that  is  most  easily  transported ;  25  cwts.  per  acre  of  wooUoi 
rags,  the  cost  of  which  in  France  may  be  about  £3.,«have  been 
found  sufficient  as  manure  for  three  years.  The  slowness  with 
which  wool  decomposes,  indeed,  causes  its  action  to  be  continued 
during  six  or  eight  years.  Twenty-five  cwt.  of  woollen  rags  may 
be  held  equivalent  to  upwards  of  40  tons  of  farm  dung,  which 
at  the  price  of  5^.  lOd.  per  ton  would  cost  £12.  16^.  At  the 
end  of  three  years,  M.  Ddonchamps,  an  excellent  practical  &r- 
mer,  gives  his  land  a  dressing  of  farm-dung  for  three  years 
more,  when  he  returns  to  the  wool.  Before  spreading  rags  they 
must  be  cut  into  pieces,  which  is  effected  either  by  a  machine 
or  by  a  piece  of  scythe  blade  fixed  in  a  block  of  wood.  In 
England,  the  quantity  of  woollen  rags  allowed  to  the  acre  is  ge- 
nerally about  1 3  cwt.  Sinclair  says  that  they  are  best  suited 
for  dry  and  sandy  or  chalky  soils,  and  this  because  they  attract 
moisture.  I  have  not  found  the  fact  to  be  so.  In  the  very  dry 
soil  of  a  vineyard  manured  with  this  article,  I  have  found  the 
pieces  to  decompose  with  extreme  slowness,  and  up  to  this  time 
the  effect  upon  the  vines  has  been  scarcely  perceptible. 

The  raspings  and  shavings  of  horn  form  a  manure  of  great 
power  that  seems  applicable  to  every  variety  of  soil.  In  England 
about  40  bushels  per  acre  are  usually  allowed. 

Tendons y  trimmings  of  hides,  hair,  feathers,  8fc.,  are  ma- 
nures very  analogous  to  the  last,  and  of  which  the  value  may  be 
estimated  from  the  quantity  of  azote  which  they  severally  con- 
tain. This  value  once  determined,  every  farmer  knows  the 
quantity  which  he  must  lay  upon  his  land ;  and  he  thus  pro- 
ceeds upon  a  much  more  rational  foundation  than  when  he  takes 
for  his  guide  one  or  other  of  those  vague  and  arbitrary  indica- 
tions that  have  been  given.  Sinclair,  for  example,  would  have 
us  lay  on  9  bushels  of  feather  rubbish  to  the  acre,  and  Schwertz 
recommends  from  four  to  five  times  as  much  more.  Nothing, 
in  fact,  is  more  arbitrary  and  uncertain  than  to  estimate  such 
materials  by  the  bulk ;  it  must  be  obvious  that  the  weight  of  a 


8HELL8>  MUD.  369 

bushel  of  hide  trimmings,  of  horn  shavings,  and  of  feather  rub- 
bish, must  differ  very  widely,  not  only  with  reference  to  one 
another,  but  also  according  to  the  state  of  division  in  which 
each  is  measured.  As  a  general  rule,  it  is  by  weight,  and  weight 
alone,  that  the  quantity  of  manure  must  be  estimated. 

Shells  and  mud  from  the  sea-shore  and  the  bottoms  of  rivers 
are  matters  that  are  often  not  veiy  highly  azotised ;  neverthe- 
less, they  may  contain  an  equivalent  of  the  all  important  element, 
azote,  which  may  bring  them  near  to  wet  farm-yard  dung  in 
point  of  value.  The  abundance  of  such  matters  in  certain  situa- 
tions makes  them  extremely  useful.  The  alkaline  and  earthy 
salts,  which  they  generally  contain  in  considerable  quantity,  also 
add  to  their  fertilising  properties.  The  sea-sand  which  is  em- 
ployed in  Brittany  under  the  name  of  marl  (merl)  consists  in 
great  part  of  the  remains  of  corallines,  madrepores  and  shells, 
mixed  with  a  few  hundredths  of  highly  azotised  organic  matter. 
This  marine  marl  is  found  in  great  abundance  at  the  mouths  of 
the  river  of  Morlaix,  where  there  is  a  considerable  traffic  carried 
on  in  the  article.  It  is  said  to  be  reproduced,  new  banks  of  it 
being  met  with  from  time  to  time.  It  is  obtained  by  dredging 
from  barges,  and  the  process  is  only  allowed  to  go  on  from  the 
15  th  of  May  to  the  15  th  of  October,  when  the  quays  of  the 
town  of  Morlaix  are  seen  covered  with  the  produce.  It  is 
carted  to  a  distance  of  five  leagues  inland.  A  barge  load  weighing 
7  tons,  sells  at  from  6*.  6d.  to  8^.  This  same  species  of  marl 
is  now  obtained  upon  the  coast  of  Plancourtrez  and  in  the  roads  of 
Brest.  It  has  also  been  discovered  near  the  mouth  of  the  River 
Quimpert.  It  appears  finally  that  the  shell  sand  so  much  em- 
ployed by  the  farmers  of  Devonshire  and  Cornwall  is  of  the 
same  essential  nature. 

In  the  neighbourhood  of  Morlaix,  from  5  to  6  tons  per  acre 
of  this  calcareous  sand  are  employed  upon  light  dry  soils ;  from 
1 1  to  1 2  tons  are  given  to  clayey  lands.  This  quantity  would 
probably  be  too  great  for  porous  and  damp  soils,  inasmuch  as 
sea  marl  belongs  to  the  class  of  warm  manures ;  that  is  to  say, 
it  undergoes  speedy  decomposition.  There  can  be  no  doubt 
that  sea-marl  acts  farther,  in  virtue  of  the  calcareous  matter 
which  it  contains,  and  also  of  its  merely  mechanical  properties 
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upon  the  strong  argillaceous  lands  of  Brittany,  for  which  sand 
alone  is  an  excellent  improver.  It  is  also  to  the  carbonate  of 
lime  which  it  contains  that  its  good  effects  upon  lands  that  show 
an  inflorescence  of  iron  pyrites  must  be  ascribed.  It  is  well  to 
lay  this  sheQ  marl  upon  the  land  shortly  aftel*  it  is  taken  from 
the  sea ;  by  long  exposure  to  the  air,  it  suffers  disaggregation 
and  loses  a  portion  of  its  good  qualities. 

There  is  another  kind  of  sea-sand  called  TVeZf  which  forms 
banks  in  the  neighbourhood  of  Morlaix,  and  which  is  known 
imder  the  name  of  T\inque  on  the  northern  shores  of  France, 
which  is  favourable  to  vegetation,  particularly  after  it  has  been 
washed  and  freed  from  the  greater  part  of  the  salt  which  it  con- 
tains. It  is  thrown  upon  the  land  in  larger  quantity  than  the 
marl.  The  small  quantity  of  animal  matter  which  it  contains 
putrifies  and  is  lost  when  it  remains  exposed  to  the  air  for  any 
length  of  time,  so  that  a  distinction  has  been  made  between 
fresh  or  live  Trez^  and  old  or  dead  Trez^  the  one  being  the 
article  as  it  comes  from  the  sea,  the  other  after  it  has  been  ex- 
posed some  time  on  the  shore;  the  article  which  has  been 
exposed  undoubtedly  contains  a  smaller  quantity  of  organic 
matter  than  that  which  is  quite  fresh.  This  variety  of  sea-sand 
is  particularly  available  upon  close  and  clayey  lands,  which  some- 
times receive  as  many  as  1 6  tons  per  acre  with  advantage ; 
lighter  lands,  of  course,  require  much  less. 

Shells,  sand,  slime,  and  sea-weed,  are  not  the  only  usefhl 
materials  supplied  to  agriculture  by  the  sea ;  fish  or  their  offal 
is  frequently  employed  as  manure.  The  practice  of  manuring 
with  fish  is  very  old,  and  is  universal  wherever  it  can  be  had 
recourse  to.  I  have  already  had  occasion  to  say,  that  at  the 
period  of  the  conquest  of  America,  the  Spaniards  found  it  es- 
tablished among  the  Indians,  on  the  shores  of  the  Pacific  ocean. 
The  lands  are  occasionally  manured  with  fish  along  the  sea-board 
of  Great  Britain  and  Ireland,  and  the  low  lands  of  Lincolnshire, 
Cambridgeshire  and  Norfolk,  also  receive  occasional  supplies  of 
the  same  powerful  manure.  The  offal  of  the  herring  fishery, 
of  cod,  of  skate,  and  of  the  pilchard  in  Cornwall,  the  dog-fish 
entire,  and  other  kinds  that  are  either  less  esteemed  or  that 
are  caught  in  quantities  greats  than  can  be  consumed  as  food, 
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II  admirable  manures.    We  have  been  recommended  to  mix 

h  or  fish  offal  with  quick  lime ;  but,  unless  iti  certain  cir- 

ces,  the  practice  is  very  questionable ;  the  addition  is 

nly  proper  where  the  materials  are  exceedingly  oily, 

e  with  pilchards,  herrings,  &c. :  an  earthy  soap  is 

which  prevents  the  injurious  effects  upon  vegetation 

wfiolly  oleaginous  matters  scarcely  fail  to  produce.     One 

J  SIS  of  cod-fish  which  I  made  along  with  M.  Payen,  gave  us 

proportion  of  azote  of  nearly  7  per  cent.     This  of  itself  is 

(jjP^nough  to  explain  wherefore  the  flesh,  the  cartilages,   and  the 

bones  of  fishes  should  be  found  such  energetic  manures. 

The  slime  deposited  by  rivers  also  yields  maniu-e  which  may 
be  employed  to  much  advantage.  The  Nile  which  periodically 
inundates  the  plains  of  Lower  Egypt,  owes  its  fertilising  action 
to  the  slime  which  it  contains,  and  which  it  deposits  before  it 
again  recedes  into  its  bed.  On  the  banks  of  the  Durance,  the 
mud  or  slime  deposited  by  the  river  is  carefully  collected  for  dis- 
tribution over  the  fields  in  its  vicinity.  The  waters  of  this  river  are 
frequently  turbid  and  improper  for  irrigation,  until  they  have  depo- 
sited the  slime  which  they  hold  in  suspension ;  the  waters  are  there- 
fore turned  into  canals  for  the  purpose  of  deposition  before  they 
are  let  upon  the  land ;  and  such  is  the  quantity  of  slime  that  is 
precipitated,  that  two  or  three  gatherings  of  it  are  made  in  the 
course  of  the  year.  It  is  dug  out  and  thrown  upon  the  banks 
to  dry ;  reduced  to  powder,  it  is  fit  to  be  laid  upon  the  land ;  and 
such  is  its  fertilising  power,  that  a  field  which  yielded  but  four 
for  one,  has  been  brought  to  yield  twelve  for  one  by  its 
means.* 

Wood  and  coal  soot,  and  Picardy  ashes.     Soot  has  been 
known  for  a  long  period  as  a  useful  manure.     M.  Braconnot,  in 
the  soot  of  a  chimney  where  wood  had  been  the  fuel,  found  the 
following  ingredients  : 

*  Belleval  in  Annals  of  French  Agriculture,  2nd  series,  vol.  xiv,  p.  261. 

The  beds  of  many  of  the  cozy-bottomed  rivers  in  England  near  the  sea  are 

inexhaustible   sources  of  the  most  valuable   manure.      The  bed  of  the 

Tham  es,  beti;reen  London  Bridge  and  Putney  Bridge  at  low  water»  is  a  true 

gold  mine  if  it  were  but  rightly  used. — Eira.  £d. 
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Ulmic  add       .        •        •        • 

.    30.0 

Azotic  matter,  soluble  in  water  • 

.     20.0 

Insoluble  carbonated  matter 

•       3.9 

Silica       ..... 

.       1.0 

Carbonate  of  lime     . 

.     14.7 

Carbonate  of  magnesia  (traces  of) 

Sulphate  of  lime        •         .         • 

.      0.5 

Ferruginous  phosphate  of  lime  • 

•       1.5 

Chloride  of  potassium 

.      0.4 

Acetate  of  potash 

.      4.1 

Acetate  of  lime        •        •        • 

•       5.7 

Acetate  of  magnesia         .         • 

.      0.5 

Acetate  of  iron  (traces  of) 

Acetate  of  ammonia 

.       0.2 

An  acnd  and  bitter  element 

.      0.5 

Water 

.     12.5 

1 00.0 


The  analysis  which  M.  Payen  and  I  made  of  wood  and  coal 
soot,  confirms  the  presence  of  the  azotised  principle  detected  by 
M.  Braconnot.  A  considerable  trade  is  carried  on  in  soot  for 
agricultural  purposes  in  large  towns ;  it  is  thrown  upon  clovers 
and  young  wheats,  in  the  proportion  of  about  20  bushels  to  the 
acre.  Some  have  recommended  that  it  should  be  mixed  with 
lime ;  but  as  soot  always  contains  salts  having  a  base  of  am- 
monia, the  practice  is  evidently  objectionable,  unless  indeed  the 
object  be  to  get  rid  of  that  which  is  most  useful  in  the  article, 
which  will  be  effectually  accomplished  by  adding  lime  to  it.  The 
proper  procedure  is  to  employ  the  soot  without  admixture  during 
calm  or  wet  weather.  In  Flanders,  the  colewort  beds  destined 
for  transplanting  are  very  generally  manured  with  soot,  which  is 
believed  to  have  the  property  of  preserving  the  young  plants 
from  the  attacks  of  insects.  In  the  neighbourhood  of  Lisle, 
they  give  from  55  to  60  bushels  of  soot  per  acre.  Schwertz 
appeals  to  many  facts  which  go  far  to  satisfy  us  that  the  effects 
of  soot  upon  clovers  are  particularly  advantageous;  he  says, 
moreover,  that  coal  soot  is  preferable  to  wood  soot.  The  supe- 
rior properties  of  coal  soot  are  evidently  due  to  t^^o  causes : 
first,  it  is  more  dense  than  wood  soot,  and  in  a  given  bulk  ac- 
tually contams  a  larger  quantity  of  matter ;  secondly,  I  have 
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found  that,  for  equal  weights,  coal  soot  contains  the  larger  quan- 
tity of  azote. 

Picardy  ashes  are  prepared  by  the  slow  and  imperfect  com- 
bustion of  the  pyritic  turf  which  is  dug  up  in  the  department 
of  the  Aisne  for  the  manufacture  of  sulphate  of  iron  and  of 
alum.  This  turf  piled  up,  heats,  and  finally  takes  fire ;  the  com- 
bustion continues  for  about  a  month,  abundance  of  sulphureous 
vapours  bemg  disengaged.  The  residue  is  a  grey  ash,  still  con- 
taining a  quantity  of  carbonaceous  matter,  which  is  foimd  very  ad- 
vantageous in  the  way  of  top-dressing  for  meadows.  It  might  be 
maintained  that  the  utility  of  such  ashes  dep^ids  solely  on  the 
sulphate  of  lime  which  they  contain ;  but  it  is  ascertained  that 
they  are  much  more  active  as  manure  than  this  substance 
employed  by  itself ;  analysis,  in  fact,  explains  in  some  degree  the 
fertilising  powers  of  these  ashes,  by  showing  that  they  contain 
more  than  ^  per  cent  of  azote,  to  say  nothing  of  the  saline 
matters  of  which  vegetables  are  so  greedy.  It  is  extremely  pro- 
bable that  during  the  slow  incineration  of  the  turf,  there  is  a 
quantity  of  sulphate  of  ammonia  produced. 

The  ashes  which  remain  after  the  lixiviation  of  the  pyritic 
and  aluminous  lignites  which  are  mined  for  the  purpose  of 
making  green  vitriol,  are  analogous  to  Picardy  ashes,  and  are 
employed  with  equal  success  in  agriculture.  At  Forges-les- 
Eaux,  the  pyritic  Gurths  after  lixiviation  are  mixed  with  a  quarter 
of  their  weight  of  turf  ashes,  and  form  an  active  manure  which 
is  employed  very  extensively  in  the  country  around  the  town  of 
Bray  in  France :  it  is  equally  adapted  to  meadows  and  to  land 
under  roots,  such  as  potatoes  or  turnips,  green  crops  or  com. 
Analysis  shows  these  ashes  to  have  the  following  composition : 

Soluble  organic  matter 2.7 

Insoluble  humus     •••.••  49.8 

Sulphate  of  protoxide  and  of  peroxide  of  iron    •  1.8 

Fine  sand 89.0 

Sulphuret  of  iron  1  ^  n 

Peroxide  of  iron   / ^-^ 

100.0 

The  vitriolic  ashes  of  Forges-les-Eaux  are  more  highly  azotised 
than  those  pf  Picardy ;  they  contain  2.72  per  cent  of  azote. 
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The  effect  of  the  imperfect  combustion  of  these  pyritic  tur&, 
the  product  which  results  from  it,  explains  to  a  certain  extent  the 
beneficial  effects  of  the  practice  o{  paring  and  burning ,  an  im- 
portant and  widely  spread  practice,  the  utility  of  which  it  would 
be  difficult  to  understand,  were  it  not  connected  in  some  way 
with  the  production  of  ammoniacal  ashes. 

The  useful  effects  of  paring  and  burning,  are,  in  all  prolwu 
bility,  connected  with  the  destruction  of  organic  matter,  very 
poor  in  azotised  principles ;  in  the  transformation  of  the  sur£eu^ 
of  the  soil  into  a  porous,  carbonaceous  earth,  made  apt  to 
condense  and  retain  the  ammoniacal  vapours  disengaged  during 
the  combustion ;  lastly,  by  the  production  of  alkaline  and  earthy 
salts,  which  are  familiarly  known  to  exert  a  most  beneficial 
influence  upon  vegetation.  These  conditions  seem  so  entirely 
tiiose,  the  object  of  which  it  is  to  realise  by  paring  and  burning, 
that  in  order  to  meke  the  operation  favourable  to  the  soil  which 
undergoes  it,  the  vegetable  matter  which  it  has  produced,  must 
of  necessity  be  transformed  into  black  ashes  ;  when  it  goes 
beyond  this,  as  Mr.  Hoblyn  has  well  observed,  when  the 
incineration  is  complete,  and  the  residue  presents  itself  as  a 
red  ash,  the  soil  may  be  struck  with  perfect  barrenness  for  the 
future.  The  burning,  therefore,  that  was  not  properly  managed, 
that  led  to  the  complete  incineration  of  all  the  organic  matter, 
would,  for  the  same  reason,  have  a  very  bad  effect  in  the 
prepairation  of  the  Picardy  ashes;  which  might  indeed  act  in 
the  san^e  way  as  turf  ^hes  from  the  hearth  and  oven,  but 
which  deprived  of  all  azotised  principles,  would  not  ameliorate 
the  ground  in  the  manner  of  organic  manures. 

I  have  frequently  seen  the  process  of  burning  performed 
in  the  steppes  of  southern  America.  Fire  is  set  to  the  pastures 
after  the  grass  which  covers  them  has  become  dry  and  woody ; 
the  flame  spreads  with  inconceivable  rapidity,  and  to  immense 
distances.  The  earth  becomes  charred  and  black;  the  com- 
bustion of  those  parts  that  are  nearest  to  the  surface,  however, 
is  never  complete;  and  a  few  days  after  the  passage  of  the 
flame,  a  fresh  and  vigorous  vegetation  is  seen  sprouting  through 
the  blackened  soil,  so  that  in  a  few  weeks  the  scene  of  the  deso- 
lation by  fire,  becomes  changed  into  a  rich  and  verdant  meadow^ 


MANURES.  375 


ANIMAL   BXCRBMENTS. 


Horse  dung.  The  composition  of  horse  dung  would  lead 
us  to  infer  that  its  action  must  be  more  energetic  than  that  of 
cow  dung.  Nevertheless,  agriculturists  frequently  consider  it 
as  of  inferior  quality.  This  opinion  is,  even  to  a  certain  extent, 
well  founded.  Thus  although  it  be  acknowledged  that  horse 
dung  covered  in  before  it  has  fermented,  yields  a  very  powerful 
manure,  it  is  known  that  in  general  the  same  substance,  after 
its  decomposition,  affords  a  maniu-e  that  is  really  less  useful 
than  that  of  the  cow  house.  This  comes  entirely  from  the  fact 
that  the  droppings  of  the  stable  by  reason  of  the  small  quantity 
of  moisture  they  contain,  present  greater  difficulties  in  the  way 
of  proper  treatment  than  those  from  the  cow  house.  Mixed  with 
Utter  and  thrown  loosely  upon  the  dung  hill,  horse  dung  heats 
rapidly,  dries,  and  perishes :  unless  the  mass  be  supplied  with  a 
sufficient  quantity  of  water  to  keep  down  the  fermentation,  and 
the  access  of  the  air  be  prevented  by  proper  treading,  there  is 
always,  without  the  least  doubt,  a  considerable  loss  of  principles, 
which  it  is  of  the  highest  importance  to  preserve.  I  can  give 
a  striking  instance  of  this  fact  in  the  changes  that  happen  in 
the  conversion  of  horse  dung  into  manure  in  the  last  stage  of 
decomposition :  fresh  horse  dung  in  the  dry  state  contains  2.7 
per  cent  of  azote.  The  same  dung  laid  in  a  thick  stratum  and 
left  to  undergo  entire  decomposition,  gave  a  humus  or  mould, 
from  which,  reduced  to  dryness,  no  more  than  one  per  cent  of 
azote  was  obtained.  I  add  that  by  this  fermentation  or  decom- 
position,  the  dung  had  lost  nine  tenths  of  its  weight.  From 
these  numbers  every  one  may  judge  how  great  had  been  the 
loss  of  azotised  principles.  In  practice,  however,  little  care  is 
bestowed  on  the  preparation  of  horse  dung;  the  fermentation 
is  rarely,  if  ever,  pushed  to  this  extreme  point  indeed ;  but  it 
is  not  the  less  true  that  it  is  constantly  approached  in  a  greater 
or  less  degree ;  and  that  the  consequences,  although  not  alto- 
gether so  imfavourable  as  those  which  I  have  particularly  signa- 
lised, are  nevertheless  extremely  destructive.  All  enlightened 
agriculturists  have,  therefore,  long  been  aware  of  the  attention 
necess^  to  the  management  of  horse  dung^  which  requires  a 
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degree  of  care,  that  may  be  perfectly  well  dispensed  with  when 
the  business  is  to  convert  the  dejections  of  homed  cattle  into 
manure.  To  obtain  the  best  results  in  the  management  of 
horse  dung,  it  appears  to  be  absolutely  necessary  to  give  it  a 
much  larger  quantity  of  moisture  than  it  can  ever  receive  from 
the  urine  of  the  animal;  if  it  be  not  watered  it  necessarily 
heats,  dries,  and  loses  both  in  weight  and  quality ;  whilst  by 
being  kept  properly  moist,  it  produces  a  manure,  which  half 
rotted,  is  of  quality  superior,  or  at  all  events  equal  to  the  same 
weight  of  cow-dung. 

M.  Schattenmann  who  has  the  produce  of  stables  containing 
two  hundred  horses  to  manage,  follows  a  process  of  the  most 
commendable  description  in  the  preparation  of  his  manure,  and 
which  is   attended  with  the  very  best  results.     His  dunghill 
stance,  of  no  great  depth,  is  about  440  yards  square  in  super- 
ficies, and  divided  into  two  equal  portions.     The  bottom  of  this 
stance  is  so  arranged  as  to  present  two  inclined  planes,  wliich 
bring  all  the  liquids  that  drain  from  it  to  the  middle,  where 
there  is  an  ample  tank  for  their  reception,  furnished  with  a  pump 
for  their  redistribution  to  the  dunghill.     There  is  also  another 
spring-water  pump  destined  to  supply  the  water  that  is  neces- 
sary to  preserve  the  dung  heap  in  an  adequate  state  of  moistness. 
The  latter  auxiliary  is  quite  indispensable ;  the  quantity  of  water 
necessary  is  so  considerable  when  masses  of  such  magnitude 
are  to  be  treated,  that  we  cannot  trust  to  any  casual  source  of 
supply.     The  two  portions  of  the  area  are  alternately  piled  with 
the  dung  as  it  comes  from  the  stables ;  it  is  heaped  to  the 
height  of  10,   12,  or  14  feet;  it  is  trodden  down  carefully,  as 
it  is  evenly  spread,  and  plentifully  watered  from  the  spring-water 
pump.     Due  consolidation,  and  a  state  of  constant  humidity, 
are  the  two  conditions  that  are  the  most  indispensable  to  the 
successful  preparation  of  horse  dung.   M.  Schattenmann  is  in  the 
habit  of  adding  to  the  liquid,  saturated  with  the  soluble  matters  of 
the  dung  hill,  a  quantity  of  sulphate  of  iron  in  solution,  or  of  sul- 
phate of  lime  (gypsum)  in  powder ;  he  also  throws  the  same  salts 
upon  the  surface  of  his  heap ;  the  object  of  this  is  evidently  to 
transform  into  sulphate,  the  volatile  carbonate  of  ammonia  formed 
in  the  course  of  the  decomposition,  and  so  to  prevent  its  escape 
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and  loss.  By  these  means  a  pasty  manure,  as  rich  as  that  which  is 
yielded  by  horned  cattle,  and  of  a  quality,  the  excellence  of  which 
is  proclaimed  by  the  remarkable  crops  that  cover  the  lands  which 
receive  it,  is  produced  in  the  course  of  two  or  three  months.* 
It  is  almost  useless  to  add,  that  great  care  must  be  taken  not  to 
introduce  too  large  a  quantity  of  sulphate  of  iron,  which  might 
have  a  prejudicial  influence  upon  vegetation,  into  the  dunghill  or 
the  drainings  from  it.  In  making  use  of  sulphate  of  lime 
there  is  nothing  to  fear  on  this  score ;  this  salt  in  excess  would 
be  rather  favourable  than  hurtful ;  in  general  gypsum  is  cer- 
tainly the  preferable  substance,  both  on  account  of  its  never 
doing  mischief,  and  of  its  greatly  inferior  priccf 

Farmers  generally  advise  horse  dung  to  be  reserved  for 
argillaoeous,  deep  and  moist  soils ;  this  recommendation  is  given 
in  connexion  with  the  manure  that  is  obtained  by  the  usual 
imperfect  process  of  preparation.  With  regard  to  the  horse 
dung,  prepared  in  the  manner  which  I  have  just  described,  and 
as  practised  by  M.  Schattenmann,  it  is  adapted  to  soils  of  aU 
kinds ;  and  if  it  differs  from  the  dung  of  the  cow-house,  it  is 
only  by  its  superior  quality.  This  last  fact  is  at  once  explained 
by  the  elementary  analysis  of  the  excrements  of  a  horse  fed 
upon  hay  and  oats. 

100  parts  of  the  urine  of  the  animal  so  fed,  yielded  12.4  of 
dry  extract,  the  composition  of  which  was  as  follows : 

In  die  state  of  extract      la  the  liquid  state. 


Carbon 

36.0 

4.46 

Hydrogen     . 

8.8 

0.47 

Oxygen        • 

11.3 

1.40 

Azote           .         « 

12.5 

1.55 

Salts 

36.4 

4.51 

Water 

•t 

87.61 

100.0  100.00 

The  droppings  of  the  same  horde  after  drying,  gave  24.7  of 
fixed  matter,  the  analysis  of  which  indicated  : 

*  Schattenmann,  Annales  de  Chimie,  3«  a^rie,  vol.  iv.  p.  117. 

t  Every  farmer  who  should  have  something  like  a  cart  or  waggon-load 
of  gypsum  brought  to  the  farm  every  year  would  find  his  profit  from  the 
practice. — Eng.  £o. 
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Carbon 

Dry  excrement 

38.7 

9.56 

Hydrogen     • 
Oxygen 

Azote 

6.1 

37.7 

2.2 

1.26 
9.31 
0.54 

SalU 

16.3 

4.02 

Water 

•            »f 

75.31 

100.0 


100.00 


The  dung  of  homed  cattle  is  often  extremely  watery ;  it  is 
especially  so  when  fiimished  by  animals  kept  upon  green  food ; 
this  extreme  humidity  renders  its  preparation  easy.  Its  equiva- 
lent number  is  higher  than  that  of  horse  dung ;  it  is,  in  fact, 
less  highly  azotised,  and  consequently  less  active.  If  the  food 
have  a  great  effect  upon  the  quality  of  the  manure,  it  is  quite 
certain  that  the  circumstances  or  states  of  the  cattle  have 
an  effect  which  is  scarcely  less  remarkable.  Milch  cows  and 
cows  in  calf  always  furnish  a  manure  that  is  less  highly  azo- 
tisedy  than  stall-fed  and  labouring  oxen;  and  this  is  readily 
understood :  the  azotised  principles  of  the  food  are  diveited  to 
secretions,  which  concur  in  the  development  of  a  new  being  in 
the  one  case,  in  the  production  of  milk  in  the  other ;  for  the 
same  reason  the  dejections  of  young  animals,  all  things  else 
being  equal,  furnish  a  manure  of  less  power  and  value  than 
those  of  adult  animals.  I  shall  have  occasion  to  recur  to  this 
important  subject,  which  has  never  yet  been  sufficiently  studied. 

The  urine  and  excrements  of  a  milch  cow,  which  is  giving 
about  1 2  pints  of  milk  per  diem,  have  shown  upon  analysis, 
the  following  quantities  of  elements :  1 00  of  the  urine  contained 
1 1.7  of  dry  extract,  and  had  this  composition : 


Carbon 

Urine  dry. 

27.2 

Urine  Uqnid 
3.18 

Hydrogen      . 
Oxygen 
Azote            • 

2.6 

26.4 

3.8 

0.30 

3.09 
0.44 

Salts 

40.0 

4.68 

Water 

0.0 

88.31 

100.0 


100.00 


100  of  fresh  excrement  lefl  on  drying  9.4  of  dry  substance, 
and  in  each  state  contained ; 
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SscMmeBt  dry. 

ExcrraMBt  moist 

Carbon 

42.6 

4.02 

Hydrogen     . 

5.2 

0.49 

Oxygen         • 

87.7 

S.54 

Azote            • 

2.3 

0.22 

Salto 

12.0 

1.13 

Water 

0.0 

90.60 

100.0  100.00 

Hog*$  dung.  From  all  I  have  seen,  I  conclude  that  hogs 
well  kept  and  put  up  to  fatten,  yield  dejections  which  are 
highly  azotised,  and  which  must  consequently  fiimish  a  manure 
of  excellent  quality.  Schwertz  has,  indeed,  ascertained  that  this 
manure  acts  more  powerfully  than  cow  dung. 

Bheep  dung  is  one  of  the  most  active  of  manures,  a  fact 
which  is  confirmed  by  analysis ;  for  it  is  by  no  means  watery, 
and  in  the  usual  state  contains  upwards  of  one  per  cent  of  azote. 
The  mode  of  managing  sheep  generally  implies  that  they  manure 
the  ground  immediately.  Schwertz  calculates  that  in  the  course 
of  a  night,  a  sheep  will  manure  something  more  than  a  square 
yard  of  surface ;  at  Bechelbronn  we  have  found  the  quantity 
manured  to  be  about  4  square  feet.  The  following  are  the 
details  of  one  experiment : 

Two  hundred  sheep  were  folded  for  a  fortnight  upon  a  ryo* 

stubble,  of  an  extent  which  gave  as  nearly  as  possible  four  square 

feet  of  surface  per  sheep.     The  manuring  thus  effected  was 

found  toproduce  a  maximum  effect  upon  the  crop  of  turnips 

which  followed  the  rye. 

Pigeon^B  dung  is  known  as  a  hot  manure,  and  of  such 
activity  that  it  must  be  used  with  discretion.  Pigeon's  dung 
is  available  for  crops  of  every  description  ;  Schwertz  has  made 
use  of  it  for  a  long  time,  and  always  with  the  greatest  success, 
mixed  with  coal  ashes  upon  clovers.  The  Flemish  farmers 
procure  pigeon's  dung  from  the  department  of  the  Pas  de 
Calais,  where  there  are  a  great  number  of  dove-cotes,  one  of 
which,  containing  from  six  hundred  to  six  hundred  and  fifty 
pigeons,  wil}  let  fpr  the  sum  of  about  £4  per  annum,  merely  for 
the  sake  of  the  dung ;  the  (^ui^ntity  yielded  in  this  time  may 
be  about  a  waggon-load.  In  the  neighbQurhood  of  Lisle,  this 
manure  is  applied  particularly  in  the  cultivatfpn  pf  flax  and 
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tobacco.  According  to  M.  Cordier,  the  dung  of  between  seven 
hundred  and  eight  hundred  pigeons  is  sufficient  to  manure 
nearly  2^  acres  of  ground.  The  dung  of  three  hundred  and 
twelve  pigeons,  therefore,  would  suffice  for  an  acre.  The  value 
of  pigeon's  dung  may  be  estimated  from  the  large  proportion  of 
azote  which  it  contains ;  that  which  I  analysed  from  Bechelbronn 
gave  8-|  per  cent  of  this  principle,  a  result  which  ought  not  to 
excite  surprise  when  it  is  known  that  the  white  matter  that 
appears  in  the  excrements  of  birds,  consists  of  nearly  pure  luic 
acid.  The  manure  of  the  hen-house  is  nearly  or  quite  as  good 
as  pigeon's  dung. 

Guano  is  a  manure  of  the  same  nature  as  pigeon's  dung, 
and  the  use  of  which,  long  familiar  on  the  coasts  of  Peru, 
has  lately  extended  to  these  countries,  the  article  being  now 
imported  in  large  quantities,  both  from  the  South  American 
and  African  coasts.  Guano  appears  to  be  the  result  of  the 
accumulation  for  ages  of  the  excrements  of  the  sea-fowl, 
which  live  and  nestle  in  the  islets,  in  the  neighbourhood  of 
the  great  southern  continents  of  the  new  and  old  world. 
The  mass  in  many  places  forms  beds  of  between  60  and 
70  feet  in  thickness.  The  principal  places  whence  guano 
is  obtained,  are  the  Chinche  islands  near  Pisco;  but  other 
deposits  of  the  substance  are  known  to  exist  more  to  the 
south, — ^in  the  islets  of  Iza  and  Ho,  at  Arica,  and  in  the 
neighbourhood  of  Payta,  as  I  had  an  opportunity  of  ascer- 
taining during  my  stay  in  that  port.  The  inhabitants  of 
Chinche  are  the  principal  traders  in  guano;  and  a  class  of 
small  vessels,  called  Guaneros,  are  constantly  engaged  in  car- 
rying the  manure.* 

Fourcroy  and  Vauquelin  were  the  first  who  fixed  attention  on 
the  nature  of  guano.  The  specimen  which  they  examined  was 
brought  to  Europe  by  M.  de  Humboldt,  and  contained  :  Uric 
acid  (0.25),  oxalate  of  ammonia,  chlorhydrate  of  ammonia, 
oxalate  of  potash,  phosphates  of  potash  and  of  lime,  chloride  of 
potassium,  fatty  matter,  and  sand. 

Smce  this  time  Dr.  Fownes  has  again  analysed  guano.     The 

*  Humboldt,  Annales  de  Chimie,  vol.  lvi,  p.  258. 
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sample  upon  which  he  operated  was  of  a  light  brown  colour  and 
extremely  offensive  smell ;  it  yielded : 

Oxalate  of  ammonia  1 

Uric  acid  >     .        .     66.2 

Traces  of  carbonate  of  ammonia  and  organic  matter  J 

Phosphates  of  lime  and  of  magnesia      .         •         .         .         .     29.2 

Phosphates  and  alkaline  chlorides,  and  traces  of  sulphates       •      4.6 


100.0 


Another  sample,  deeper  in  colour  and  without  smell,  con- 
tained: Pure  oxalate  of  ammonia,  44.6  ;  earthy  phosphates, 
41.2;  alkaline  phosphates,  sulphates,  and  chlorides,  14.2=  100. 

The  composition  of  guano  would  confirm,  were  there  any  oc- 
casion for  confirmation,  the  opinion  that  has  been  formed  as  to 
its  origin.  The  islets  which  supply  it  are  stiU  tenanted,  espe- 
cially during  the  night,  by  a  midtitude  of  sea-fowl.  Neverthe- 
less, from  the  calculations  of  M.  de  Humboldt,  the  excrements 
of  these  birds  in  the  course  of  three  centuries,  would  not  form 
a  layer  of  guano  of  more  than  one  third  of  an  inch  in  thickness ; 
— ^imagination  stops  short,  startled,  in  presence  of  the  vast 
lapse  of  time  which  must  have  been  necessary  to  accumulate 
such  beds  of  the  substance  as  now  exist,  or  rather,  as  lately  ex- 
isted in  many  places ;  for  it  is  rapidly  disappearing  since  it  has 
become  a  subject  of  the  commercial  enterprise  of  mankind.* 

The  average  composition  of  guano  must  by  no  means  be  in- 
ferred from  the  precedmg  analyses  of  picked  samples:  earthy 
matters  are  usually  present  in  much  larger  proportion  than  they 
are  here  stated.  The  guano  generally  imported  into  England  and 
France  yields  a  proportion  of  azote  very  far  short  of  that  which 
the  25  per  cent  of  luic  acid  which  has  sometimes  been  stated  to 

*  Dr.  John  Davy»  all  whose  scientific  researches  equal  in  accuracy  the 
hrilliant  investigations  of  his  illustrious  brother*  has  lately  turned  his  at- 
tention to  this  subject :  he  finds  that  we  have  collections  of  guano  in  Great 
Britain  that  are  really  not  to  be  despised  in  some  cases.  The  surface 
of  the  ground  under  old  established  rookeries  is  a  true  guano  bed ;  and  re- 
moved and  used  as  manure  in  the  open  field,  produces  most  excellent 
effec  ts.  See  Dr.  Davy's  paper  in  Ed.  Lond.  and  Dub.  Philos.  Mag.  Oct.  1, 
1844.— Eno.  Ed. 
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exist  in  this  substance  would  yield.  In  three  trials  the  azote 
found  was  0.14,  0.05,  and  0.05  ;  the  mean  would  therefore  be 
0.08,  which  represents  the  quantity  of  azote  in  pigeon's  dung. 

The  litter  and  excrement  of  the  silkworm  is  used  as  manure 
in  the  south.  Analysis  indicates  3  per  cent  of  azote  in  its 
constitution. 

Human  excrements  are  regarded  as  one  of  the  most  active 
maniu'es  that  can^be  employed.     In  countries  where  agriculture 
has  made  real  progress,  this  article  is  highly  prized,  and  no 
pains  are  spared  to  obtain  so  powerful  a  manure.     In  Flanders, 
feculent  matters  form  the  staple  of  an  active  traffic ;  and  in  the 
neighbourhood  of  large  towns,  they  form  an  invaluable  material 
for  the  amelioration  of  the  soiL    The  Chinese  collect  human  ex- 
crements with  the  greatest  solicitude,  vessels  being  placed  for 
the  purpose  at  regular  distances  along  the  most  frequented  ways. 
Old  men,  women   and  children,  are  engaged  in  mixing  them 
with  water,  which  is  applied  in  the  neighbourhood  of  the  plants 
in  cultivation.*     The  fresh  excrement  is  occasionally  worked  up 
with  day,  and  formed  mto  bricks,  which  are  pulverized  when 
dry,  and  the  powder  is  applied  as  a  top-dressing.     One  of  the 
advantages  resulting  from  the  almost  exclusive  use  of  this  ma- 
nure in  China  is  this,  that  the  fields  seem  to  grow  nothing  but 
the  plant  which  is  the  object  of  solicitude  with  the  farmer ;  it  is 
there  extremely  difficult  to  meet  with  a  weed.     The  quality  of 
feculent  matter  as  a  manure  depends  much  on  the  nature  and 
abundance  of  the  food  consumed  by  those  who  furnish  it.     M. 
d'Arcet  relates  a  curious  anecdote  in  connexion  with  this  fact : 
a  farmer  had  purchased  the  produce  of  the  cabinet  of  one  of  the 
most  celebrated  restaurateurs  or  taverns  of  the  Palais  Royal ; 
encouraged  by  the  success  he  obtained  in  employing  this  manure, 
and  desirous  of  obtaining  a  larger  supply  of  the  article,  he  rented 
the  produce  of  several  of  the  barracks  of  Paris.      The  manure 
which  he  now  obtained,  however,  he  found  to  produce  an  effect 
greatly  less  than  he  had  anticipated,  so  that  he  lost  money  by 
his  bargain.    Berzelius  found  the  following  substances  in  human 
excrements : 

*  Julien,  Annales  de  Cliimie,  vol.  in,  p.  65,  3rd  series. 
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Remains  of  food 7.0 

Bile         .•.•••••    0.9 

Albumen 0.9 

A  peculiar  extractive  matter       •         .         .         .2.7 
Indeterminate    animal   matter,    Tiscous    matter, 
resin,  and  an  insoluble  residuum    •        •        •  14.0 

Salts 1.2 

Water  *         .  73.3 

100.0 

The  salts  had  the  composition  foUowiiig : 

Carbonate  of  soda 29.4 

Chloride  of  sodium 23.5 

Sulphate  of  soda 11.8 

Ammoniaco-magnesian  phosphate     •        •        .11.8 
Phosphate  of  lime  •••,»•     23.5 

100.0 

Human  urine  is  one  of  the  most  powerfiil  of  all  manures. 
Left  to  itself  it  speedily  undergoes  puti^faction,  and  devolves  an 
abundance  of  ammoniacal  salts  as  all  the  world  knows.  Its 
composition,  according  to  Berzelius,  is  the  following : 


Urea 8.01 

Uric  acid 0.10 

Indeterminate  animal  matter             1  .  ^. 

Lactic  acid,  and  lactate  of  ammonia  J        *         *  * 

Mucus  of  the  bladder     .         .         ;         •        .  0.03 

Sulphate  of  potash 0.37 

Sulphate  of  soda 0.32 

Phosphate  of  soda           .....  0.29 

Chloride  of  sodium          .         .         ,         .         •  0.45 

Phosphate  of  ammonia 0.17 

Chlorhydrate  of  ammonia         .         .         •         .0.15 

Phosphate  of  lime  and  of  magnesia          •         •  0.10 

Silica     •....*..  traces 

Water 93.30 

100.00 

The  phosphates  of  lime  and  magnesia  which  it  contains  are 
extremely  insoluble  salts,  and  have  been  supposed  to  be  held  in 
solution  by  phosphoric  acid,  lactic  acid,  and  very  recently  by 
Professor  liebig,  by  hippuric  acid,  which  he  now  states  to  be  a 
regular  constituent  of  healthy  human  urine. 


-^ 
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From  the  interesting  inquiries  upon  urine  made  by  M.  Lecanu, 
it  appears  that  a  man  passes  nearly  half  an  ounce  of  azote  with 
his  urine  in  the  course  of  twenty-four  hours,  A  quantity  of 
urine  taken  from  a  public  urine  pail  of  Paris,  yielded  7  per  1000 
of  azote.  The  dry  extract  of  the  same  urine  yielded  nearly  1 7 
per  cent. 

Human  soil  as  commonly  obtained  consists  of  a  mixture  of 
feculent  matters  and  urine.  It  may  be  applied  immediately 
to  the  ground  as  it  comes  from  the  privy.  In  some  parts  of 
Tuscany  it  is  mixed  with  thi-ee  times  its  bulk  of  water,  and  so 
applied  to  the  surface.  I  have  myself  seen  night-soil  as  it  was 
obtained,  and  without  preparation,  spread  upon  a  field  of  wheat 
without  any  ill  effect :  so  that  the  Tuscan  preparation  may  be 
regarded  as  a  simple  means  of  spreading  a  limited  quantity  of 
manure  over  a  given  extent  of  ground. 

It  is  in  French  Flanders,  however^  that  human  soil  is  collected 
with  especial  care ;  it  ought  to  be  so  collected  everywhere.  The 
reservoir  for  its  preservation  ought  to  be  one  of  the  essential  arti- 
cles in  every  farming  establishment,  as  it  is  in  Flanders,  where 
there  is  always  a  cistern  or  cess-pool  in  masonry,  with  an  arch 
turned  over  it  for  the  purpose  of  collecting  this  invaluable  ma- 
nure. The  bottom  is  cemented  and  paved.  Two  openings  are  left : 
one  in  the  middle  of  the  turned  arch  for  the  introduction  of  the 
material ;  the  other,  smaller  and  made  on  the  north  side,  is  for 
the  admission  of  the  air,  which  is  requisite  for  the  fermentation. 

The  Flemish  reservoir  may  be  of  the  dimensions  of  about 
35  cubical  yards.  Whenever  the  necessary  operations  of  the 
farm  will  permit,  the  carts  are  sent  off  to  the  neighbouring  town 
to  purchase  night-soil,  which  is  then  discharged  into  the  reser- 
voir, where  it  usually  remains  for  several  months  before  being 
carried  out  upon  the  land. 

This  favourite  Flemish  manure  is  applied  in  the  liquid  state 
(mixed  in  water)  beforeor  after  the  seed  is  in  the  ground,  or  to 
transplanted  crops  after  they  have  been  dibbled  in.  Its  action 
is  prompt  and  energetic.  The  sowing  completed,  and  the  land 
dressed  up  with  all  the  pains  which  the  Flemish  farmer  appears 
to  take  a  pleasure  in  bestowing  upon  it,  a  charge  of  the  manure 
is  carried  out  at  night  in  tubs  or  barreb.     At  the  side  or  comer 
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of  the  field  there  is  a  vat  that  will  hold  firom  50  to  60  gallons, 
into  which  the  load  is  discharged,  and  fi'om  which  a  workman, 
armed  with  a  scoop  at  the  end  of  a  handle  a  dozen  feet  in  length 
or  more,  proceeds  to  lade  it  out  all  around  him.  The  vat 
emptied  in  one  place  is  removed  farther  on,  and  the  same  pro- 
cess is  repeated  until  the  whole  field  is  watered.* 

The  purchase,  the  carriage,  and  the  application  of  this 
Flemish  manure  cannot  be  otherwise  than  costly  ;  we  therefore 
see  it  given  particularly  to  crops  which,  when  luxuriant  and  suc- 
cessful, are  of  the  highest  market  value — such  as  flax,  rape,  and 
tobacco. 

This  manure,  the  sample  of  it,  at  least,  which  M.  Payen  and  I  ex- 
amined, is  of  a  yellowish  green  colour,  and  with  reference  to  smell 
cannot  be  compared  to  anything  better  than  a  weak  solution 
of  hydrosulphate  of  ammonia.  This  salt  is  undoubtedly  pre- 
sent ;  but  exposure  to  the  air  converts  it  rapidly  into  the  sidphate 
of  the  same  base.  According  to  M.  Kuhlmann,  the  quality  of 
the  liquid  Flemish  manure  is  to  be  judged  of  by  its  smell,  its 
viddity  and  its  saline  and  sharp  taste.  By  the  fermentation 
which  takes  place  in  the  cess-pools,  which  are  never  emptied 
completely,  the  feculent  matter,  kept  for  some  time  there,  does 
in  fitct  acquire  a  slight  vicidity.  When  solid  excrementitious 
matter  predominates  in  the  fermented  mass,  its  effect  upon 
v^tation  is  of  longer  continuance ;  but  when  it  is  derived  en- 
tirely fix)m  urine,  it  acts  almost  immediately  after  its  application. 
In  either  case,  the  effect  of  Flemish  manure  does  not  extend 
beyond  the  season ;  like  all  the  other  organic  substances  which 
have  undergone  complete  putrid  fermentation,  it  is  a  true  annual 
manure. 

Occasionally,  a  quantity  of  powdered  oil-cake  is  thrown  into 
the  reservoir.  This  is  either  when  the  manure  is  supposed  to  be 
too  dilute,  or  when  there  is  little  night-soil  at  command.  The  fol- 
lowing, according  to  Professor  Kuhlmann,  is  an  example  of  the 
employment  of  the  Flemish  manure  in  a  rotation  which  is  com- 
mon in  the  neighbourhood  of  Lisle,  and  in  the  course  of  which 
the  crops  are  colza  or  colewort,  wheat  and  oats. 

First  year.     In  October  or  November,  the  land  is  manured 

*  Cordier»  Agriculture  of  French  Flanders^  p.  240. 
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with  farm-dung,  which  is  ploughed  in,  in  the  usual  way.  At 
this  time  a  dose  of  the  liquid  manure,  amounting  to  about  5000 
gallons  per  acre,  is  applied :  a  second  ploughing  is  given,  and  the 
colewort  is  planted. 

Second  year.  The  colza  is  gathered,  the  ground  is  ploughed 
for  autumn  sowing;  from  1000  to  1300  gallons  or  so  of 
liquid  manure  are  distributed  and  the  wheat  is  sown. 

Third  year.  The  wheat  stubble  is  ploughed  down  at  the  end 
of  the  autiunn,  and  about  1000  or  1 100  gallons  of  the  liquid 
manure  per  acre  are  distributed  ;  the  oats  are  sown  in  the 
spring.  If  circumstances  should  prevent  the  application  of  the 
liquid  manure  in  autumn,  it  is  laid  on  in  March,  and  then  it  has 
been  found  that  one  fiflh  less  will  suffice ;  but  its  application  at 
this  season  is  avoided  as  much  as  possible  on  account  of  the 
havoc  that  is  made  by  the  passage  of  horses,  carts,  and  men 
over  the  surface  of  the  soft  ploughed  land.  It  is  with  a  view 
to  avoid  this  disturbance  of  the  surface  that  in  many  places  oil* 
cake  in  powder  is  applied  to  the  fields  under  colza  when  the 
manuring  has  to  be  performed  after  the  crop  is  in  the  ground. 

For  beet,  the  dose  of  Flemish  man\u-e  is  carried  the  length 
of  from  1300  to  1400  gallons  per  acre;  but  when  the  root  is 
intended  for  the  manufacture  of  sugar,  liquid  manure  is  sedu* 
lously  avoided,  experience  having  shown  that  it  has  the  very 
worst  effect  upon  the  production  of  sugar,  a  circumstance  which 
is  very  easily  explained  upon  grounds  that  have  already  been 
given. 

The  price  of  Flemish  manure  at  Lisle  is  i^d.  for  a  measure 
containing  22  gallons.  In  Flanders,  it  is  held  that  this  quantity, 
which  will  weigh  hard  upon  2  cwt.,  is  equal  to  about  5  cwt. 
of  farm-yard  dung.  The  liquid  manure  which  I  analysed 
yielded  2  per  1000  of  azote.  Farm-yard  dung  in  its  usual  state 
contains  as  much  as  4  per  1000;  it  follows,  therefore,  that  the 
real  equivalent  number  of  Flemish  manure  is  182,  that  of  farm 
dung  being  100 ;  in  other  words  it  would  require  1 82  of  Flemish 
manure  to  replace  1 00  of  farm-yard  mantu-e ;  a  conclusion  that 
differs  widely  from  that  which  is  usually  acted  upon.  But  it  must 
be  observed  that  from  its  nature,  the  Flemish  manure  produces  its 
maximum  influence  in  the  course  of  the  season  in  which  it  is 
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applied.  It  seems  to  have  no  effect  on  the  crop  of  the  succeed- 
ing year.  Farm-yard  dung,  on  the  contrary,  only  exerts  a  por- 
tion of  the  whole  amount  of  its  beneficial  influence  in  the 
course  of  the  year  in  which  it  is  laid  on ;  it  has  still  something, 
*  often  much,  in  reserve  for  succeeding  years.  To  compare  liquid 
maniu-e  with  farm-yard  dung,  with  reference  to  an  annual  crop 
is  to  compare  this  manure  to  the  unknown  fraction  of  the  farm- 
yard dimg  which  comes  into  play  in  the  course  of  the  first  year, 
and  from  such  a  contrast  no  possible  inference  can  be  drawn  in 
regard  to  the  relative  value  of  the  two  kinds  of  dung.  I  have 
insisted  upon  this  circumstance,  because  it  is  often  involved 
in  the  estimates  that  are  made  of  the  relative  values  of  the  dif- 
ferent species  of  manure ;  and  because,  from  losing  sight  of  it, 
unfavourable  conclusions  are  frequently  come  to  in  regard  to 
manures  that  undergo  decomposition  very  slowly;  these  ma^ 
Bures,  nevertheless,  acting  for  a  great  length  of  time,  produce 
both  a  greater  amount  and  a  more  durable  kind  of  amelioration 
of  the  soil.  Rapidity  of  action,  in  a  manure,  is  undoubtedly  a 
quality  that  is  highly  valuable  in  many  cases ;  and  Flemish  ma- 
nure possesses  tlids  quality  in  the  highest  degree.  Nevertheless 
it  is  also  an  advantage  to  possess  a  manure  which  elaborates 
gradually  and  accordmgly  to  the  exigencies  of  vegetables,  those 
principles  that  contribute  to  their  growth,  and  which  suspend  in 
a  great  measure  this  elaboration  in  the  course  of  the  winter-^ 
which  remain  during  the  cold  and  rainy  season  in  an  almost  inert 
condition,  when  any  fecundating  matter  produced  would  merely 
be  washed  away  and  lost.  These  advantages,  to  which  must  be 
added  that  of  breaking  up  and  lightening  the  soil  are  all  pos- 
sessed by  good  farm-yard  manure.  They  are  sui'h,  in  fact,  that 
this  manure  even  in  Flanders,  is  still  indispensaMe ;  the  liquid 
manures  of  that  country  are  nothing  more  than  annual  auxi- 
liaries. 

The  method  followed  in  Flanders  of  using  night  soil  is  cer- 
tainly highly  rational ;  it  is  the  same  as  that  which  is  adopted 
in  Alsace  in  the  neighbourhood  of  towns,  with  this  difference 
that  our  farmers  collect  no  store  of  the  material ;  they  go  in 
quest  of  it  at  the  moment  it  is  wanted.  It  is  applied  as  in 
Flanders,  or  it  is  incorporated  with  absorbent  substances,  such; 
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as  straWy  or  with  other  more  consistent  manures.  The  night- 
soil  of  Paris,  which  in  the  course  of  the  year  amounts  to  an 
immense  quantity,  is  treated  in  a  totally  different  manner,  which 
appears  to  be  in  opposition  to  the  simplest  notions  of  science, 
of  economy,  and  of  all  that  is  conducive  to  health.  I  allude  to 
the  mode  of  preparing  poudrette. 

In  the  neighbourhood  of  Paris  there  are  places  appropriated 
to  the  reception  of  the  night-soil :  it  is  thrown  into  reservoirs  of 
no  great  depth  in  comparison  with  their  superficial  extent,  and 
of  an  aggregate  capacity  which  is  such  that  they  will  contain  the 
whole  of  the  products  collected  by  the  night-man  in  the  course 
of  six  months.  These  reservoirs  are  arranged  in  stages,  one 
above  another.  Into  the  upper  one  are  discharged  the  matters 
collected  in  the  course  of  the  night.  The  upper  resevoir  full,  a 
sluice  is  opened  by  being  pushed  partially  down,  which  allows 
the  more  liquid  matters  to  escape  into  the  second  reservoir 
placed  under  it.  Repeated  drainings  are  effected  in  this  way, 
and  when  the  second  basin  is  also  full,  there  is  a  deposition  of 
solid  matter  as  in  the  first ;  the  more  liquid  particles  are  then 
let  off  from  the  second  into  the  third  reservoir,  and  so  on  in 
succession  until  the  last  and  lowest  is  attained,  from  which  the 
liquid  used  to  be  turned  into  a  watercourse  ;  but  of  late  these 
contaminated  liquids  have  been  got  rid  of  by  means  of  what 
may  be  called  absorbing  artesian  shafls — deep  holes  pierced  in 
a  dry  and  porous  soil. 

When  the  deposit  in  the  first  reservoir  is  held  to  be  suffi- 
dently  consistent,  it  is  drained  by  lowering  the  sluice  more  and 
and  more ;  no  fresh  matter  is  added,  the  new  charges  being  de» 
posited  in  another  system  of  reservoirs.  The  deposit  once 
drained  is  in  the  pasty  condition ;  it  is  then  taken  out  with  the 
spade,  and  spread  upon  an  earthern  floor  which  slopes  off  on 
cither  side,  and  the  mass  is  turned  from  time  to  time  to  favour 
the  drying ;  this  process,  in  fact,  is  continued  until  the  material 
has  become  pulverulent.  It  is  then  stored  under  sheds,  or 
thrown  up  into  pyramidal  heaps,  the  sides  of  which  are  well  beaten 
in  order  to  enable  them  to  throw  off  the  wet. 

Poudrette  is  of  a  brown  colour,  and  weighs  nearly  ISOlbs. 
per  sack.     Put  into  a  retort,  and  distilled  with  a  heat  of  from 
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424®  to  930®  Fahr,  it  yields  52.6  of  ammoniacal  fluid,  and 
47.3  of  dry  matter,  in  which  we  encounter  fixed  ammoniacal 
salts,  such  as  the  sulphates,  phosphates,  hydrochlorates,  &c.  M. 
Jacquemart  finds  that  in  100  parts  of  poudrette  there  is  1.26 
of  ammonia,  the  greater  part  in  the  state  of  carbonate ;  but  it 
contains  a  quantity  of  animal  matter  besides,  which  by  dry  dis- 
tiQation  yields  a  nearly  equal  amount  of  the  same  substance ; 
whence  it  follows  that  poudrette  contains  nearly  2^  per  cent,  of 
volatile  alkali,  or  2  of  azote.  By  direct  analysis,  I  obtained  1.6 
of  azote. 

Poudrette  is  spread  upon  the  land  at  the  time  of  ploughing, 
from  26  to  34  bushels  per  acre  being  allowed.  On  meadow 
lands,  it  produces  very  good  effects  in  the  dose  of  about  25 
bushels  per  acre.  The  disgusting  smell  of  night-soil  is  to  a 
certain  extent  an  obstacle  to  its  general  use.  This  obstacle, 
however,  is  only  felt  in  places  where  agricultural  industry,  and 
the  manufactures  connected  with  it  are  still  in  a  backward  state. 
One  remarkable  circumstance  is,  that  the  disgust  which  naturally 
arises  fix)m  the  manipulation  of  such  articles  has  been  more  es- 
pecially got  over  in  countries  that  are  justly  celebrated  for  their 
extreme  attention  to  cleanliness,  and  the  easy  position  of  their  in- 
habitants— I  quote  Flanders  and  Alsace  in  proof  of  the  fact.  It 
has  been  said,  moreover,  that  certain  articles  produced  in  soils 
manured  with  human  excrement  contract  a  smell  and  taste 
which  give  rather  unpleasant  information  of  the  nature  of  the 
manure  that  has  been  employed  to  favour  their  growth.  In  the 
limited  circle  of  my  own  experience  on  this  subject,  I  can  say 
that  I  have  observed  nothing  which  favours  such  a  statement. 
However  this  may  be,  Mr.  Salmon  has  succeeded  in  disinfecting 
night-soil  completely  by  mixing  it  with  a  kind  of  animal  char- 
coal obtained  by  calcining  in  dose  vessels  a  porous  earth  im- 
pregnated with  organic  substances.  This  is  the  article  which  is 
sold  under  the  name  of  animalised  black.  Its  quality  as  a  ma- 
nure must  depend  especially,  I  might  even  say  entirely,  on  the 
quantity  of  azotised  organic  matter  which  enters  into  its  com- 
position. 

Composts.  A  great  deal  has  been  written,  and  much  has 
been  said  on  the  advantages  of  composts  or  mixtures  con- 
trived with  a  view  to  the  amelicNration  of  the  soiL    The  receipts 
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for  these  composts  are  very  numerous ;  they  prove  that  the  dis- 
covery of  a  compost  is  an  easy  matter  and  requires  but  a  small 
amount  of  ingenuity.  To  unite  different  matters  in  such  a  way 
as  to  obtain  a  compound  that  shall  act  advantageously,  it  is  only 
necessary  to  make  it  up  of  substances  which  of  themselves  and 
isolatedly  are  good  manures.  But  that  it  is  possible  to  supply 
the  scarcity  of  manure,  to  create  it  in  some  sort  by  means  of 
composts  is  a  subject  of  dispute.  In  fact,  when  we  look  atten- 
tively at  the  numerous  mixtures  which  have  been  indicated  as 
leading  to  this  end,  we  always  perceive  that  the  proposal  amounts 
to  an  extension  or  dilution  of  some  powerful  manure  with  a 
substance  that  is  either  inert  or  has  little  activity.  This  mode 
of  proceeding  may  have  its  advantages ;  it  enables  us  to  make 
a  more  equal  distribution  of  the  manure  we  have  at  our  disposal, 
but  it  actually  siq^plies  us  with  none. 

Earthy  substances  almost  always  figure  in  composts.  Turf 
ashes,  wood  ashes,  marl,  and  particularly  lime,  are  constant  in- 
gredients. Marl  may  suit  certain  soils ;  lime  is  a  substance  of 
great  activity,  and  which  for  this  reason  must  be  admitted  into 
composts  with  caution;  it  may  act  in  the  disintegration  of  woody 
parts — of  stalks  and  stems,  and  leaves;  but  we  must  be  very  careful 
not  to  follow  the  recommendation  of  Schwertz,  who  would  have 
us  throw  quick  lime  into  our  privies  with  a  view  to  bringing  the 
matters  there  contained  into  a  consistent  and  readily  pulverisable 
3tate.  By  doing  so  we  should  infallibly  lose  the  greater  part  of 
the  principles  that  are  truly  useful  in  the  soil.  Much  mischief 
and  great  destruction  of  manure,  indeed,  have  been  the  conse- 
quence of  the  insensate  and  indiscriminate  use  of  quick  lime 
under  all  circumstances ;  the  business  is  much  rather  to  preserve 
than  to  destroy  the  substances  that  are  used  as  mantu-es,  the 
purpose  is  to  fix,  not  to  dissipate  the  volatile  elements  which 
they  contain.  One  great  objection  to  the  extensive  employment 
of  composts  is  the  amount  of  labour  they  require  in  the  re- 
peated turnings  which  are  held  necessary  in  their  preparation, 
and  in  the  large  quantity  of  matter  which  has  to  be  transported. 

The  following  table  will  be  found  useful  as  giving  a  compre- 
hensive view  of  the  proportion  of  azote  contained  in  the  various 
kinds  of  manures  which  have  been  particularly  examined,  and 
of  their  equivalents  referred  to  farm-yard  dung  as  the  standard. 
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It  is  almost  unnecessary  to  give  any  explanation  of  the  uses 
tb&t  may  be  made  of  the  preceding  t^le,  I  shall,  however, 
give  a  few  illustrations  from  instances  which  have  actually  oc- 
curred in  my  experience. 

Oil-cake  is  cheap  at  this  time  (1842);  and  the  question 
is,  whether  it  could  be  advantageously  employed  in  connexion 
with  the  cultivation  of  wheat.  The  presumption  is,  that  wheat 
obtains  the  whole  of  its  azote  in  the  soil,  that  it  acquires 
none  from  the  atmosphere;  and  again,  I  assume  that  the 
whole  of  the  azote  putinto  the  ground  would  be  used  up 
by  the  crop.  Under  the  most  favourable  circumstances  of 
heat  and  moisture,  this  would  probably  be  the  case ;  were 
it  not  so  to  the  letter,  the  active  matter  which  remaned 
in  the  ground  would  operate  advantageously  in  succeeding 
years.  The  following,  then,  are  the  elements  of  the 
question : 

1st.  In  the  wheat  grown  at  Bcchelbronn  there  is  on  an 
average  0.025  of  azote,  2nd.  In  the  straw  of  1841,  I 
have  just  found  0.003  of  azote.  Srd.  The  oil-cake  which 
I  propose  to  employ  contains  0.055  of  azote,  and  its 
actual  price,  crushing  induded,  is  3a.  Ad.  per  cwt.  4th.  The 
relation  ia  point  of  weight  of  the  grain  to  the  straw  is  as 
47:  100. 

A  sheaf  or  bundle  of  wheat,  220  lbs.  in  weight,  consists 
of: 
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Wheat  70.4  lbs.,  coDtdning  1.760  of  azote,  and  is  worth  4s.  Sd. 
Straw  149.6  lbs.  „  0.415  „  „  Is,  Sd. 

Total  of  azote    .    .     2.175        Total  value    .    .     6s.  4d. 

Difference  of  value     •     •     .     .     5^.  4d. 
To  grow  which,  39  lbs.  of  oil-cake  would  be  required,  of 

the  value  of Is,  2d, 

So  that  391bs.  of  oil-cake,  converted  into  a  sheaf  of  wheat, 
would  be  increased  in  intrinsic  value  to  the  extent  of  5s.  2rf* 
Supposing  that  but  one-half  or  one-third  of  this  amount  as  in- 
dicated by  theory  is  realized  in  practice,  it  is  obvious  that  the 
addition  of  the  oil-cake  might  be  made  with  advantage ;  and 
that  no  means  should  be  neglected  to  insure  the  success  of  its 
application  as  a  manure.* 

The  production  of  oil-cake  in  France,  the  Netherlands,  and 
other  countries  of  Europe,  is  very  considerable ;  in  round  num- 
bers, 100  of  oleaginous  seeds  yield  60  of  cake;  but  it  has  been 
calculated  with  rare  ability,  and  from  authentic  documents  by  M. 
Leroy  de  B^thune,  that  not  only  is  the  whole  of  the  oil-cake 
which  is  the  produce  of  the  soil  of  France  exported,  but  that  like- 
wise of  the  oleaginous  seeds  which  she  imports  from  other  coun- 
tries. This  M.  de  Bdthune  looks  upon  as  a  very  lamentable  agri- 
cultural fact.  I  have  shown,  indeed,  from  the  example  which 
I  have  quoted,  that  every  pound  of  cake  represents  a  primary 
material,  which  properly  treated  may  be  transformed  into  nearly 
6  pounds  weight  of  wheat-grain  and  straw,  having  a  value  infi- 
nitely greater  than  that  of  the  oil-cake  originally  employed. 

Whilst  I  agree  with  M.  de  B^thune,  that  it  is  generally  wise 
to  encourage  exportation,  I  also  admit  with  him  that  there  are 
substances  in  reference  to  which  it  would  be  prudent  to  dis- 
courage exportation :  oil-cake,  this  powerful  means  of  giving 
fertility  to  the  soil,  might  be  placed  in  the  foremost  rank  of  such 
substances.  I  am  far  from  adopting  all  the  principles  of  econo- 
mists, which  appear  to  me  to  be  frequently  far  too  absolute.  In 
my  opinion,  any  exportation,  the  consequence  of  which  is  the 
impoverishment  of  the  soil,  ought  to  be  prohibited.     I  should, 

*  Our  author  has  of  course  left  many  other  elements  very  necessary  to 
be  included  out  of  his  calculation  here,  such  as  labour,  seed,  rent  charge, 
interest  on  capital,  &c.«— £no.  £d. 


CALCULATION  OF  THE  VALUE  OF  MANURES.  395 

for  instance,  oppose  the  exportation  of  arable  soil ;  and,  in  the 
same  way,  to  allow  an  active  manure  to  pass  into  the  hands  of 
strangers,  is  in  my  eyes  tantamount  to  exporting  the  vegetable 
soil  of  our  fields,  to  lessening  their  productiveness,  to  raising  the 
price  of  the  food  of  the  poor ;  for  as  much  labour  is  required, 
as  much  care  and  capital  must  be  expended  upon  an  un- 
gratejful  soil  to  obtain  a  little,  as  upon  a  fertile  soil  to  procure  an 
ample  return.  To  permit  the  exportation  of  oil-cake  is  to  hinder 
the  husbandman  from  taking  advantage  of  all  the  circumstances 
with  which  nature  presents  him ;  it  is  as  if  a  chill  vfere  to  be 
brought  over  the  genial  climate  of  France.* 

I  have  shown  the  advantages  of  the  application  of  oil-cake  in 
the  growth  of  wheat.  I  shall  now  inquire  whether  or  not  it  is 
equally  useful  in  connexion  with  hay  and  potato  crops;  the 
price  of  the  article  being  presumed  to  be  the  same  as  before. 

Upland  meadows,  when  they  have  not  been  soiled,  yield  miser- 
able returns,  and  their  situation  renders  them  difficult  of  access  to 
carts :  oil-cake  in  such  circumstances  comes  powerfully  to  our  aid. 

Taking  the  price  of  hay  at  5^.  per  2201bs.  which  is  about  its 
present  price  in  France,  and  taking  into  account  the  composition 
of  the  after-math,  we  may  reckon  the  azote  contained  in  the  hay 
of  natural  meadows  at  0.015. 

220  lbs.  of  hay,  containing  Slbs.  of  azote  will  be  worth  •  5#.  Od, 

To  produce  which  561bs.  of  cake  (azote  3. dibs.)  worth   •  Iff.  Sd* 

would  be  required.  ■■ 

Diflference  in  value  between  the  cost  and  the  crop  ,     •     •  3^.  4(/, 

*  I  own  I  am  surprised  at  this  passage  in  my  esteemed  author.  There 
is  nothing  parallel  in  the  instances  he  quotes.  Did  not  the  French  hus- 
bandmen and  oil-pressers  profit  by  the  exportation  of  oil-cake  they  would 
keep  it  at  home ;  and  the  profit  of  the  former  and  manufecturer  is  the 
profit  of  the  whole  community.  To  export  the  soil  would  indeed  be  mad* 
liess :  it  would  obviously  be  killing  the  goose  that  lays  the  golden  eggs ; 
but  to  export  that  which  the  soil  produces  in  abundance  year  after  year 
is  a  totally  different  affair.  M.  Boussingault's  reasoning  would  lead  the 
wine-growers  of  Bordeaux  and  Burgundy  to  refuse  us  a  hogshead  of  their 
smallest  growth  :  they  cannot  send  it  to  us  without  impoverishing  their  stnh 
any  more  than  they  can  let  us  have  a  pound  of  their  oil-cake.  But  one  half 
of  the  vegetables  that  grow,  at  least,  are  at  work  accumulating  the  ma- 
terials from  the  atmosphere  and  water,  out  of  which  the  other  half  are 
supplied,  and  so  the  process  of  waste  and  supply,  of  destruction  and  repro* 
duction  goes  on  without  lunits,  and  without  end. — ^Eko.  Ed* 
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Upon  this  showing,  oil-cake  may  be  advantageously  employed 
in  the  amelioration  of  upland  meadows.  Besides  the  cost  of  the 
manure,  however,  there  are  the  very  necessary  additions  to  be 
made  of  the  price  of  labour  and  rent. 

From  the  observations  which  I  made  at  Bechelbronn  in  1839, 
I  find  that  the  relation  between  the  weight  of  potatoes  as  they 
come  from  the  ground,  and  that  of  the  tops  or  haum,  supposed 
to  be  dry,  is  as  100  is  to  6.4. 

The  tubers  contain : 

Azote  0.0036  per  10000  parts;  and  2201bs.  contain 
0.729  of  a  lb.  of  azote,  and  are  worth     •        «        »    Is*  8(/» 
The  tops  or  haum  dry  contain ; 

Azote  0.0230  per  10000  parts;  and  Hlbs.  contain 
0.330  of  a  lb.  of  azote. 

Total  of  azote  1.122. 

Now  20.4  lbs.  of  cake  which  would  be  required  to  pro- 
duce 220  lbs.  of  potatoes^  contain  1.11b.  of  azote,  and 
are  worth     •        •        •        •        •        •        •        .0^.  7|(/. 

Difference    •        •     l^.  Old, 

The  oil-cake  at  the  price  of  3^.  2d.  per  cwt.  may  therefore 
be  advantageously  used  for  the  production  of  potatoes:  rent, 
labour,  seed,  &c.  considered  as  before.  At  the  price  of  7^.  6d.  or 
8s.  6d.  per  cwt.,  however,  to  which  oil-cake  occasionally  rises, 
it  woidd  not  be  possible  to  employ  it  profitably  in  this  way. 
The  cost  of  the  manure  would  then  amount  to  nearly  as  much 
as  the  value  of  the  crop. 

The  equivalent  numbers  in  the  table  express  the  relative 
values  of  diflferent  manures;  they  proclaim  the  proportions  in 
which  one  substance  must  be  substituted  for  another,  and  when 
purchases  are  to  be  made,  they  will  show  at  a  glance  which  is 
the  article  that  is  really,  and  in  fact,  the  cheapest.  The  equiva- 
lent number  of  one  variety  of  oil-cake,  for  instance,  is  7.25  ; 
that  of  farm-yard  dung  is  100;  which  is  as  much  as  to  say 
that  in  reference  to  mere  fertilizing  elements,  100  parts — ^Ibs. 
cwts.  or  tons,  of  farm-yard  dung  may  be  replaced  by  7^  p^rts — 
lbs.  cwts.  or  tons  of  oil-cake ; — 2  cwt.  of  farm-dung,  for  instance, 
by  H^lbs.of  cake.  The  2  cwt.  of  farm-dung  is  valued  in  the  table 
at  6(2.,  or  about  5^.  per  ton ;  the  H^lbs.  of  cake  woidd  cost  5fi{. 
It  is  obvious,  therefore,  that  even  at  the  above  low  price  of  oil- 
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cske,  there  would  be  no  real  advantage  in  substituting  it  generally 
for  farm-yard  dung ;  in  situations,  however,  remote  jfrom  large 
towns,  where  it  is  almost  impossible  to  procure  dung,  or  where 
the  carriage  of  large  masses  of  dung  would  be  both  difficult  and 
expensive,  there  would  then  be  advantage  in  the  substitution. 

Woollen  rags  at  the  price  of  about  28.  lOd.  per  cwt.  are  more 
profitable  than  farm-yard  dung  at  3d.  per  cwt.  The  equivalent 
of  the  rags  is  2.22,  and  this  quantity  (2.221bs.  avoird.)  of  rags  is 
worth  about  f  (2 ;  by  the  substitution  of  the  rags  for  farm-yard 
manure,  therefore,  a  saving  is  effected  of  about  2^d.  on  every 
cwt.  of  the  latter  that  must  have  been  employed.  In  good 
farming,  however,  it  is  less  with  reference  to  the  money  advan- 
tage of  substituting  one  manure  for  another,  that  calculations 
are  made,  than  with  reference  to  the  possibility  of  procuring 
either  one  manure  or  another  at  a  moderate  price.  The  estimated 
value  of  the  dung  in  one  of  the  columns  of  the  table  gives 
us  at  once  the  price  that  may  be  paid  for  it ;  for  this  purpose  it 
is  enough  to  know  the  value  of  standard  dung :  let  this  be  as  it 
usually  is,  3d,  per  cwt. ;  if  we  would  now  know  what  may  be 
paid  for  a  hundred  weight  of  bones  simply  dried  in  the  air,  the 
number  designating  these  being  1554,  we  have  only  to  make  a 
simple  equation  in  the  following  terms : — 100  :3d::  1554 :  x 
to  have  the  solution:  =3^.  lO^d. 

The  most  careful  consideration  of  the  relative  value  of  different 
manures  under  the  guidance  of  the  analytical  elemepts  which 
I  have  indicated,  justifies  the  preference  which  is  given  in 
practice  to  one  kind  over  another,  which  on  simple  examination 
appears  to  offer  greater  advantages.  Thus  by  diffusing  oil-cake 
through  water,  and  leaving  the  mixture  to  ferment,  a  manure  is 
obtained  which  presents  all  the  characters,  which  possesses  all 
the  properties  of  human  soil  that  has  undergone  fermentation  in 
privies  or  cess-pools.  And  it  is  to  this  mixture  of  putrid  oil- 
cake that  the  husbandmen  of  French  Flanders  have  recourse, 
as  we  have  seen,  when  their  supply  of  night-soil  runs  short. 
When  oil-cake  is  low  in  price,  say  about  3^.  3d.  or  3^.  4d.  per 
cwt.,  it  might  seem  advantageous  to  manufacture  Flemish 
manure  with  it ;  expensive  carriage  and  time  would  be  saved ; 
for  night  soil  has  generally  to  be  fetched  from  a  distance,  and  con- 
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taining  but  0.602  (nSo^hs)  of  azote,  it  is  bulky  and  its  equivalent 
is  in  the  same  proportion  high.  Cameline  oil-cake  contains  0.055 
(^ths)  of  azote ;  to  make  Flemish  manure  that  should  contain 
0.002  of  azote,  it  would  be  requisite  to  add  to  every  100  parts 
of  cake  2,650  parts  of  water;  the  cwt.  of  this  manure  would 
then  come  to  l|d.,  whilst  Flemish  manure  prepared  with  night 
Boil|  would  cost  the  farmer  but  l^d,  I  have  here  taken  the 
cake  at  a  low  price ;  were  it  7«.  6d.  per  cwt.  instead  of  3*.  9d. 
which  is  perhaps  much  nearer  its  usual  average  cost,  it  is 
obvious  that  the  cwt.  of  maniu'e  prepared  from  it,  would  cost 
twice  as  much  more. 

The  proportion  of  azote,  the  value,  and  the  equivalents  of  the 
several  manures  are  given  in  the  table,  both  for  the  substances 
absolutely  dry,  and  for  the  condition  in  which  they  are  com* 
monly  employed.  This  distinction  is  one  of  great  importance. 
The  water,  the  quantity  of  which  is  indicated  in  the  first  column, 
is  a  most  variable  constituent ;  its  presence,  of  course,  depreciates 
the  manure  in  the  precise  ratio  in  which  it  occurs.  The 
reference  of  all  the  elements  of  each  particular  manure  to  that 
manure  in  a  state  of  absolute  dryness,  is  a  very  important 
feature  in  the  table.  In  purchasing  manures,  the  precaution  of 
drying  them  chemically  must  never  be  neglected,  more  especially 
in  connexion  with  articles,  which  by  their  nature  are  capable  of 
absorbing  water  in  considerable,  and  often  in  very  different, 
quantities. 
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CHAPTER  VI. 

■ 

OF   MINERAL   MANURES    OR   STIMULANTS. 

All  the  organic  manures,  when  burned,  leave  ashes  com- 
posed of  earthy  and  saline  substances.  The  action  of  these 
substances  upon  vegetation  is  quite  unquestionable,  and  it  is 
certain  that  an  organic  manure,  were  it  ever  so  rich  in  azotised 
principles,  and  ever  so  assimilable,  would  still  be  imperfect  did 
it  not  further  contain  the  truly  mineral  matters  which  plants 
require  to  meet  with  in  the  soil,  in  order  to  complete  their 
growth  and  bnDg  their  seeds  to  maturity.  The  most  active 
organic  manures  are  always  abundantly  provided  with  inorganic 
principles.  Farm  dung  (dry),  contains  about  one-fourth  of  its 
weight  of  such  substances,  and  the  water  which  is  used  for 
irrigation  invariably  holds  saline  matter  in  solution. 

Nevertheless,  repeated  cropping  will  often  end  by  depriving 
the  soil  of  the  mineral  substances  which  plants  require;  the 
salts  contained  in  the  manure  supplied  are  sometimes  inadequate 
to  meet  the  demands  of  successive  crops,  and  then  the  return 
fitlls  off.  It  is  consequently  necessary  in  certain  cases  to  furnish 
the  soil  anew  with  saline  matters,  in  order  to  supply  the  con* 
tinned  drain  that  is  made  upon  it,  or  to  meet  the  exigencies 
of  particular  crops  which  are  known  to  require  an  unusually 
large  quantity  of  salts  for  their  successful  cidtivation.  It  is  in 
this  way  that  clover,  lucem,  and  sainfoin  require  plaster  (gyp* 
sum) ;  the  cereals^  silica  and  certain  calcareous  salts ;  the  vinoi 
potash,  &c. 

Practice  got  the  start  of  science  in  the  application  of  mineral 
manures  or  stimulants.  If  their  useful  influence  cannot  be 
deniedi  as  it  cannot,  if  the  circumstances  in  which  it  is  advan- 
tageous to  administer  them,  if  the  conditions  and  the  doses 
in  which  they  ought  to  be  given  to  the  ground  have  been  the 
subject  of  long  and  careful  observation  with  farmers,  it  must 
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still  be  admitted  that  we  are  far  from  understandings  exactly 
in  what  way  they  act ;  this  is  another  motive  for  continuing  to 
study  them  with  perseverance. 


CALCAREOUS   MANURES. 


In  certain  soils  we  have  said  that  the  calcareous  element 
is  either  wanting,  or  present  in  very  small  and  inadequate 
quantity;  other  soils,  again,  abound  in  calcareous  matter,  and 
observation  appears  to  prove  that  the  presence  of  carbonate 
of  lime  in  a  soil  adds  unequivocally  to  its  fertility.  Tlie  ma- 
jority of  the  good  wheat  lands  hitherto  examined  have  been 
found  to  contain  a  notable  quantity  of  this  eai-th  or  earthy 
salt. 

It  is  usual  to  put  lime  into  the  ground  in  the  state  of  caustic 
or  quick  lime ;  this  is  limeingt  properly  so  called.  But  it  is 
also  applied  in  the  state  of  carbonate,  as  when  we  make  use  of 
chalk  or  marl,  or  shell-sand  from  the  sea-shore. 

The  lime-stone  that  is  used  for  burning  is  seldom  pure;  it 
frequently  contains  clay,  quartzy  sand,  metallic  oxides,  and  occa- 
sionally carbonaceous  matter;  frequently  too  it  is  so  largely 
mixed  vdth  magnesia  that  it  acquires  peculiar  characters ;  this 
is  the  magnesian  lime-stone  or  dolomite.  The  piu*est  carbonate 
of  Ume  by  exposure  for  some  time  to  a  white  heat,  loses  43.7  of 
carbonic  acid,  and  consequently  contains  56.3  of  caustic  lime. 
Limestone  is  one  of  the  most  common  of  rocks ;  in  the  crys- 
talline and  saccharoid  state,  or  of  closer  and  finer  grain,  it 
often  constitutes  mountain  masses,  and  is  met  with  in  every 
part  of  the  geological  series ;  it  meets  us  as  chalk  in  beds  of 
enormous  thickness,  filling  up  extensive  basins  in  the  tertiary 
series;  such  are  the  chalk  beds  of  the  south  and  west  coasts 
of  England,  extending  through  the  counties  of  Kent  and  Sus- 
sex, &c. 

The  only  mineral  substance  with  which  chalk,  limestone,  or 
carbonate  of  lime  is  likely  to  be  confounded,  is  gypsum  or  sul- 
phate of  lime.  But  it  is  easy  to  distinguish  either  of  these  salts 
from  the  other :  carbonate  of  lime  dissolves  with  effervescence 
in  dilute  hydrochloric  acid ;  sulphate  of  lime  is  insoluble  in  this 
liquid.     Carbonate  of  lime  is  quite  insoluble  in  water ;  sulphate 
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of  lime  is  very  sensibly  soluble,  and  a  copious  precipitate  falls 
on  the  addition  of  a  solution  of  oxalic  acid  or  of  oxalate  of  am- 
monia. Gypsum  is  always  so  soft  that  it  can  be  scratched 
with  the  nail ;  limestone,  save  in  the  state  of  chalk,  is  generally 
so  hard  that  it  resists  the  nail. 

The  burning  of  lime  for  agricultural  uses  is  carried  on  in  the 
same  way  as  for  building  and  other  economical  purposes.  Burnt 
or  quick  lime  is  a  very  different  article  from  chalk  or  limestone ; 
it  is  powerfully  caustic  or  destructive  of  the  organic  tissue,  and 
instead  of  being  altogether  insoluble,  it  is  now  soluble  in  about 
630  parts  of  cold  water.  All  the  world  knows  how  lime  from 
the  kiln,  when  watered,  rises  in  temperature,  breaks  first  into 
larger  and  then  into  smaller  pieces,  and  finally  falls  down  into 
fine  powder ;  but  every  one  is  not  aware  that  there  is  a  true 
chemical  union  of  water  with  the  earth,  and  that  the  resulting 
powder  is  in  chemical  language  a  hydrate  of  lime,  a  substance 
which  is  much  less  caustic  than  pure  lime,  but  still  distinctly 
alkaline  in  its  reaction. 

It  is  generally  admitted  that  the  soil  which  is  without  a  cer- 
tain, and  that  a  considerable  proportion  of  the  calcareous 
element,  never  possesses  a  high  degree  of  fertility.  This  in 
particular  is  the  opinion  of  English  agriculturists  who  apply 
lime  with  a  kind  of  profusion ;  and  the  great  improvement  it 
frequently  produces  on  the  crops  of  grain,  leaves  no  doubt  as 
to  the  advantages  of  the  procedure.  Still  it  is  now  generally 
recognised  that  limeing  ceases  to  be  useful  upon  lands  that  are 
already  sufficiently  calcareous,  or  that  rest  on  a  sub-soil  of  chalk. 
It  is,  therefore,  by  supplying  the  calcareous  element  which  land 
requires  to  constitute  it  a  soil  adapted  to  the  growth  of  com, 
that  the  application  of  lime  becomes  useful ;  limeing,  in  fact, 
enables  us  to  make  this  necessary  addition  at  least  cost.  Like 
other  mineral  manures,  lime  of  itself  produces  little  or  no  eflFect ; 
it  is  in  concurrence  with  organic  manures  that  it  becomes 
truly  useful ;  it  is  nowise,  and  never  can  become  a  substitute 
for  these. 

The  geological  constitution  of  a  country  is  perhaps  the  best 
guide  to  the  necessity  or  advantages  of  limeing.  Soils  that 
are  derived  from  plutonic  or  igneous  rocks,  in  which  felspar, 
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mica,  or  quartz  predominate,  are  on  the  face  of  things  likely  to 
be  improved  by  the  introduction  of  lime.  Direct  analysis  would 
of  course  give  more  decisive  information  on  the  fact.  In  any 
case,  the  measure  recommended  by  prudence  is  to  make  a  few 
preliminary  trials  upon  the  small  scale ;  the  experimental  method 
is  the  only  safe  one  in  agriculture,  when  the  question  is  in 
r^ard  to  the  adoption  of  new  plans.  In  England  it  is  cus- 
tomary in  limeing  clayey  lands  to  allow  from  230  to  300  or 
310  bushels  of  stimulant  per  acre;  on  lighter  soils  the  dose 
may  vary  from  about  150  to  200  bushels,  according  to  their 
character.  In  France  the  quantity  usually  employed  is  greatly 
less,  from  about  60  to  70  bushels,  being  all  that  is  gene- 
rally thonght  advisable,  and  this  at  intervals  of  seven  or  eight 
years.  In  the  neighboiu'hood  of  Lisle  little  use  is  made  of  lime, 
although  there  the  land  is  generally  anything  but  calcareous ; 
perhaps  the  want  of  lime  is  not  felt  in  consequence  of  the 
universal  practice  of  employing  the  Flemish  manure,  which, 
as  we  have  seen,  contains  ammoniacal  salts  (and  both  human 
urine  and  excrement  contain  a  large  quantity  of  phosphate  of 
lime  and  phosphate  of  magnesia  in  addition,  the  very  salts  that 
the  generality  of  vegetables  crave).  In  the  vicinity  of  Dunkirk, 
however,  lime  is  frequently  applied  in  the  dose  of  between  40 
and  60  bushels  per  acre,  and  with  effects  that  are  said  to  con- 
tinue for  ten  or  twelve  years. 

The  dose  of  lime  introduced  into  the  soil  in  different  coun- 
tries, is  moreover  in  a  certain  relation  with  the  time  during 
which  the  action  of  the  earth  is  believed  to  continue ;  as  the 
quantity  administered  at  once  is  small,  the  dose  must  be  re- 
peated more  frequently.  Near  Dunkirk  they  use  from  40  to 
60  bushels  per  acre  every  10  or  12  years;  in  the  department 
of  La  Sarthe,  according  to  M.  Puvis,  they  scatter  on  some 
9  or  1 0  bushels  only ;  but  they  do  so  every  three  years.  This 
would  lead  us  to  conclude  that  soils  which  really  wanted  lime 
should  receive  a  dose  in  the  proportion  of  about  S|  bushels 
per  acre  annually.  But  the  crops  gathered  from  the  ground 
every  year,  certainly  do  not  abstract  anything  like  this  quantity 
of  calcareous  matter;  which  would  induce  us  to  infer,  that 
after  a  certain  time  the  land  will  contain  such  a  quantity  of 
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lime  as  to  make  any  farther  addition  of  it  unnecessary,  or  at 
all  events,  unnecessary  save  at  rare  and  distant  intervals. 

One  of  the  great  advantages  which  lime  has  over  all  the 
other  forms  or  kinds  of  calcareous  stimulants  employed,  is 
unquestionably  the  state  of  extreme  sub-division  which  it  ac- 
quires in  the  quenching.  In  the  course  of  falling  down  into 
this  extremely  fine  powder,  lime,  as  has  been  said,  combines 
with  a  large  quantity  of  water.  But  the  change  experienced 
does  not  stop  short  here ;  the  air  always  contains  some  10,000ths 
of  carbonic  add  gas,  for  which  the  hydrate  of  lime  has  a 
powerful  affinity,  so  that  it  absorbs  this  gas  greedily,  aban- 
doning at  the  same  time  its  constitutional  water,  by  which  in 
due  season,  the  hydrate  of  lime  becomes  changed  into  the 
anhydrous  carbonate  of  lime.  This  process  is  always  slow; 
more  rapid  at  first,  when  the  interchange  between  the  carbonic 
add  and  water  takes  place  freely,  it  becomes  gradually  slower 
and  slower  as  there  is  less  and  less  water  left  in  the  particles ; 
the  afiinity  of  the  lime  for  the  water  seems  to  increase  con- 
tinually in  the  ratio  of  the  smallness  of  the  quantity  which 
it  still  contains.  It  must,  therefore,  constantly  happen  that  in 
incorporating  lime  in  powder  and  partially  carbonated  with  the 
soil,  we  also  introduce  lime  that  has  preserved  its  caustidty 
in  some  measure;  it  must  be  observed,  however,  that  once 
intimately  mixed  with  the  soil,  this  lime  must  speedily  pass 
into  the  state  of  carbonate,  because  the  soil  and  the  water  with 
which  it  is  moistened  always  contain  a  considerable  quantity 
of  carbonic  acid.  Though  we  commence  operations  with  quick 
lime,  consequently,  it  is  carbonate  of  lime  that  is  definitivdy 
introduced  into  the  ground.  I  have  thought  this  a  point  of 
suffident  importance  to  engage  oiu*  attention  for  a  short  time, 
inasmuch  as  it  simplifies  the  view  of  the  end  that  is  to  be  sought 
in  applying  lime;  this,  as  M.  Puvis  has  most  satisfactorily 
established,  is  neither  more  nor  less  than  the  introduction  into  the 
ground  of  that  proportion  of  the  calcareous  element  which  it 
either  wanted  originally  or  which  it  has  lost  in  the  course  of 
repeated  cropping,  in  order  to  enable  it  to  produce  abundantly. 
Quick  lime  incorporated  with  the  soil,  must  pass,  as  I  have 
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shown,  very  rapidly  into  thq  state  of  carbonate ;  but  before 
attaining  to  this  state,  it  may  unquestionably  re-act  upon  the 
organic  substances  it  encounters,  disorganize  them,  favour  their 
decomposition,  in  a  word,  behave  as  it  does  when  used  in  com- 
posts. On  the  other  hand,  in  causing  the  destruction  of  organic 
particles  already  in  a  state  of  decomposition,  it  must  produce  an 
unfavouraUe  influence. 

Lime,  previously  quenched  and  cold,  is  generally  spread  by 
being  raked  out  from  the  cart  upon  the  field,  in  little  heaps, 
from  five  to  six  or  seven  yards  apart,  each  containing  from  half 
to  two-thirds  of  a  bushel.  It  is  or  ought  then  to  be  spread 
immediately  as  evenly  as  possible  over  the  surface.  There  is 
only  the  disadvantage  attending  this  mode  of  proceeding,  that 
slaked  lime  is  twice  the  bulk  of  lime  in  the  shell  or  lump,  and 
that  by  slaking,  it  takes  up  at  least  one-fifth  of  its  original  weight 
of  water.  There  is  saving  of  labour,  therefore,  in  distributing 
the  lime  unslaked  in  heaps,  and  waiting  the  slow  process  of 
extinction  and  pulverization  by  the  moisture  of  the  atmosphere. 
The  lime  is  often  laid  in  a  comer  of  the  field  and  covered  lightly 
over  with  vegetable  eai-th  to  undergo  pulverization,  and  this 
plan  answers  very  well.  Sometimes  the  lime  before  being 
laid  on  is  worked  up  into  a  kind  of  compost  with  vegetable 
mould  and  other  matters ;  this  is  all  matter  of  calculation  as  to 
cost.  If  our  object  be  to  supply  the  soil  with  the  calcareous 
dement  it  wants,  the  proper  procedure  is  quite  obvious. 

The  mode  of  using  lime  with  reference  to  other  improvers  of 
the  soil  varies  in  different  places.  In  one  place  it  is  usual  to 
lime  and  to  dung  alternately ;  in  others,  the  two  operations  are 
done  together,  or  very  close  upon  one  another.  There  are  some 
lands  so  fertile  that  they  produce  abundantly  under  the  influence 
of  lime  alone.  In  laying  on  Ume,  one  general  rule  is,  that  the 
weather  should  be  dry,  and  the  ground  well  drained  ;  the  end  of 
summer  is  probably  the  most  favourable  season.  To  say  nothing 
of  the  difficulty  of  spreading  the  lime  in  wet  weather ;  if  it  is  at 
all  fresh,  its  caustic  qualities  are  brought  into  immediate  play 
by  the  moisture,  and  it  destroys  the  roots  of  living  vegetables, 
and  the  organic  elements  of  the  soil ;  and,  again,  it  is  quite  certain 
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that  lime  produces  very  little  effect  upon  undrained  and  wet 
lands.  In  England  lime  is  very  commonly  used  upon  fallows, 
in  the  course  of  the  summer,  and  before  sowing  the  wheat  for 
which  fallowing  is  always  a  preparation.  When  it  is  given  to 
land  destined  for  beet  or  potatoes,  it  is  led  out  in  the  spring  and 
spread  before  the  young  beet  is  transplanted  in  the  one  case, 
the  seed-potatoes  deposited  in  the  other. 

It  is  always  matter  of  great  moment  to  have  Ume  spread 
evenly ;  a  thorough  harrowing  and  a  double  superficial  plough- 
ing incorporate  it  sufficiently.  According  to  M.  Puvis,  who  has 
made  a  particular  study  of  the  subject  of  limeing,  as  practised 
in  the  department  of  the  Ain,  a  quantity  of  lime,  amounting  to 
8250  bushels,  spread  upon  seventy-seven  acres  of  land  in  the 
course  of  nine  years,  produced  so  decided  an  improvement  that 
the  returns  from  winter  grain  crops  became  the  double  of  what 
they  had  been  before. 

Marl.  Marl,  in  a  general  way,  may  be  regarded  as  a  mixture 
of  carbonate  of  lime  and  day  in  very  variable  proportions. 
Occasionally  the  day  is  replaced  by  sand;  whence  the  titles, 
sandy  marl,  argillaceous  mar).  The  article,  in  short,  contains 
from  15  to  as  many  as  90  per  (zent.  of  carbonate  of  lime.  It 
presents  numerous  shades  ol  colour.  Geologically  speaking, 
it  is  usually  i^let  with  in  fresh  water  formations  of  the  latest 
date, — the  upper  strata  of  the  Jura  limestone  are  frequently 
covered  with  deposits  of  argillaceous  marls,  and  we  see  its  for- 
mation going  on  at  the  bottoms  of  lakes  and  ponds  at  the 
present  day. 

The  distinguishing  property  of  a  calcareous  marl,  whatever 
admixture  of  other  matters  it  contains,  is  that  of  crumbling 
to  pieces  under  exposure  to  atmospherical  influences.  Every 
limestone  rock  that  has  this  property  may  be  considered,  and 
employed  as  a  marl.  The  grand  purpose  of  putting  marl  upon 
land  is  to  supply  it  with  the  calcareous  element  it  wants.  To 
marl  land,  is  therefore  tantamount  to  limeing  it ;  the  effect  is 
the  same.  The  value  of  the  article  is  indeed  so  well  known, 
that  considerable  expense  is  constantly  incurred  to  get  at  the 
beds  of  it  that  form  strata  in  the  crust  of  the  earth  or  that  lie 
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at  the  bottoms  of  lakes.   It  appears  to  have  been  employed  from 
the  remotest  antiquity. 

The  reason  why  marl  and  marly  lime-stones  fall  so  com- 
pletely into  powder  is  obvious.  If  the  mass,  when  wet,  form  a 
pasty  mass,  it  shrinks  as  it  dries,  and  cracks  in  all  directions ; 
if  more  consistent  it  is  still  always  porous,  and  having  imbibed 
a  large  quantity  of  rain  in  the  autumn,  this  congeals  during  the 
frosts  of  the  succeeding  winter,  and  the  ice  expanding  with 
almost  irresistable  force  separates  the  particles,  which  cohere 
indeed  so  long  as  the  frost  continues,  but  fall  away  from  one 
another  on  the  first  thaw,  by  which  the  solid  rock  of  the  autuma 
^d  winter  becomes  a  heap  of  dust  in  the  spring.  In  the  same 
^y  we  see  chalk  exposed  to  the  wet  and  the  frost,  fall  down  to 
powder,  and  in  virtue  of  this  property  and  its  constitution  as  car- 
bonate of  lime,  employed  with  perfect  success  in  lieu  of  lime  and 
marj.  Wherever  there  is  a  bed  of  chalk  at  hand,  it  is  needless  to 
go  farther  in  search  of  marl  and  quick  lime,  in  so  far  at  least  as 
the  calcareous  principle  i^  concerned. 

Argillaceous  marl  and  sandy  marl,  must,  of  course,  act  in  two 
different  ways  upon  the  soil :  in  virtue  of  the  calcareous  element 
in  either  case,  and  in  virtue  of  the  argillaceous  principle  in  the  one, 
of  the  sandy  principle  in  the  other ;  and  the  kind  of  soil  for 
which  they  are  severally  adapted  can  be  conceived  before  hand. 
To  a  stiff  clayey  soil  we  would  naturally  add  the  sandy  marl ; 
to  a  light  sandy  soil  we  would  supply  the  argillaceous  product, 
and  thus  effect  improvement  by  a  Idnd  of  double  tide.  It  is 
therefore  very  important  to  distinguish  between  these  two 
effects  produced  by  marl : — one  mechanical,  connected  with  the 
presence  of  day  or  sand ;  the  other  chemical,  and  depending  on 
the  presence  of  carbonate  of  lime.  It  is  to  these  two  effects 
separately  and  combined,  that  all  the  influence  of  marl  is  usually 
ascribed  by  practical  agriculturists.  From  certain  inquiries 
common  to  M.  Payen  and  me,  however,  it  appears  that  marl 
must  act  in  yet  another  way ;  our  analyses  show  that  it  always 
contains  a  certain,  though  variable  proportion  of  azotised  matter. 
And  there  is  nothing  extraordinary  in  the  discovery  of  this 
fact ;  it  is  no  more  than  might  have  been  anticipated  from  the 
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geological  circumstances  attending  its  production.  Maris  are, 
as  has  been  said,  always  connected  with  the  most  recent  forma- 
tions of  the  tertiary  series ;  they  are  constantly  accompanied  by 
remains,  which  attest  the  presence  of  organic  beings,  and 
frequently  they  consist  of  little  else  than  shells,  and  the  disinte- 
grated dwellings  and  bodies  of  moUuscas,  and  madrepores,  and 
corallines,  and  other  inferior  forms  of  things  that  once  had  Ufc 
It  is  by  no  means  astonishing,  therefore,  that  deposits  which 
haye  had  sudi  an  original  should  still  contain  evidences  of  the 
presence  of  the  softer  and  more  decompoundable,  as  well  as  of 
the  harder  and  more  rebellious  constituents  of  the  beings  to 
whose  existence  they  are  due.  One  sample  of  marl  which  we 
analysed,  gave  0.002  of  azote ;  another  from  the  Lower  Rhine, 
gave  rather  more  than  0.001  of  the  same  element.  It  were, 
therefore,  very  proper  in  analysing  marls,  chalks,  &c.  to  have  an 
eye  to  their  organic  or  azotic,  as  well  as  to  their  mineral  con- 
stituents; there  can  be  very  little  question  of  the  azotised 
elements  bebg  at  the  bottom  of  the  really  wonderful  fertilizing 
influences  of  the  marls  of  certain  districts. 

Marl  ought,  like  lime,  to  be  spread  very  evenly  over  the 
land ;  it  is  generally  laid  on  in  the  same  way  as  lime — ^in  little 
heaps  at  regular  distances,  and  then  scattered  abroad.  It  appears 
to  be  a  very  general  opinion  that  it  is  not  advisable  to  cover  it 
inmiediately,  or  very  shortly  after  it  is  dug  from  the  bed  that 
supplies  it ;  the  practice  where  its  employment  is  most  general 
and  probably  best  imderstood,  is  to  let  it  lie  exposed  through 
the  summer  or  winter,  or  even  the  whole  year  before  laying  it 
on  the  land.  It  is  also  held  not  to  be  proper  to  cover  it  in 
marl  deeply.  Marl  is  advantageously  laid  out  in  heaps 
upon  stubbles  in  the  autumn ;  and  in  the  early  spring  when  it 
has  been  pulverized  by  the  frost,  it  is  spread  with  the  shovel. 
When  it  is  to  be  used  with  matev  wheat  or  rye,  it  is  laid  on  in 
the  summer,  and  spread  at  the  time  of  ploughing ;  the  latter 
plan  of  proceeding,  however,  as  Schwertz  observes,  can  only  be 
followed  with  mari  that  pulverizes  readily.  In  England  it  is 
also  laid  down  as  a  kind  of  principle  that  marl  ought  to  be 
exposed  for  as  long  a  time  as  possible  to  the  influences  of  the 
atmosphere;  that  it  ought  to  have   a  summer's  heat  and  a 
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winter's  cold  before  it  is  applied.  And  that,  in  fact,  which  is 
at  all  consistent,  and  has  not  been  exposed  to  the  frost, 
scarcely  pulverizes  sufficiently  to  be  readily  miscible  with  the 
soil  even  under  the  influence  of  repeated  ploughings ;  moreover, 
it  produces  very  little  obvious  effect  upon  the  crop  with  which  it 
is  first  used.  After  spreading,  a  rough  harrow  is  passed  over 
the  surface  of  the  ground,  which  is  then  ploughed  superficially 
two  or  three  times,  the  harrow  being  again  had  recourse  to 
repeatedly  to  break  lumps,  and  so  bring  out  the  effect  of  the 
marl. 

The  quantity  of  marl  that  may  be  advantageously  given, 
varies  according  to  the  circumstances  of  the  district.  Marl,  it 
may  fairly  be  said,  is  frequently  abused.  In  an  excellent  paper 
on  the  subject,  M.  Puvis  lays  it  down  as  a  principle  that  the 
first  element  in  the  calculation  of  the  proper  dose  of  marl,  is  the 
quantity  of  calcareous  matter  that  is  wanting  in  the  soil.  He 
says  that  every  soil  which  contains  more  than  9  or  10  per  cent, 
of  carbonate  of  lime  can  dispense  with  marl;  and  that  soils 
in  which  the  lime  falls  short  of  this  quantity,  may  advantageously 
receive  a  dose  or  successive  doses  of  the  substance  that  will 
bring  them  up  to  the  point.  The  proper  dose,  consequently, 
depends  first  on  the  proportion  of  carbonate  of  lime  contained 
in  the  soil,  and  then  on  that  which  the  marl  itself  includes. 

Considered  from  the  rational  point  of  view  which  M.  Puvis 
has  taken,  marling  is  no  longer  an  arbitrary  process,  but  one 
that  may  be  conducted  on  determinate  principles.  The  extra- 
vagant quantities  that  are  often  laid  on  without  other  assignable 
reason  than  blind  custom,  are  shown  to  be,  if  not  injurious,  yet 
useless :  the  quantity  of  marl  to  be  incorporated  is  determined 
by  the  quality  of  the  substance  which  is  at  our  disposal,  and  by 
the  depth  of  the  layer  of  vegetable  earth  taken  in  connexion 
with  its  chemical  constitution.  To  facilitate  the  calculation  of 
the  proper  dose,  M.  Puvis  has  drawn  up  a  table,  which,  as  it 
may  be  found  usefiil  in  practice,  I  append.  It  shows  at  a  glance 
the  quantity  of  marl  in  cubic  feet  that  ought  to  be  put  upon 
an  acre  of  ground,  the  depth  of  the  arable  soil  being  considered 
in  connexion  with  the  composition  of  the  marl  at  conunand : 
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Table  of  the  Number  of  Cubic  Feet  of  Marl  applicable  upon  ao  Acre  of 

Land  ploughed  to  the  depth  of : 

When  100 
parts  of  marl 

contain  of 

carbonate  of 

lime. 

3Vv 
inches. 

4VW 
inches. 

5<»cr 
Inches. 

6.V 
inches. 

7.V 
Inches. 

8A 

inches. 

333 

166;- 
111 

83t*o 

55  .V 
47tV 
41. V 

37 

33T»<r 

444 
222 
146 
111 

88tV 
74 

63^V 
65  .V 

491*0 
44t*, 

534 
277 
184tV 
138  iV 

110T*ff 

92  .V 
79tV 
69-iV 
6li 

55  ,V 

666 

333 

222 

l66T»a 

133,*^ 

111 

95^^ 
83  .V 
74 

66VV 

776 

388 

258-iV 
194 

155  A 
l29T»,r 
llOVa 
97 

86tV 
77  .V 

888 
444 
296 
222 

177-1^ 
118 

126.V 

111 
98,% 
88»«<, 

10 
20 
30 
40 
50 
60 
70 
80 
90 
100 

M.  Puvis  does  not  by  any  means  give  the  doses  in  this  table 
as  those  that  should  be  invariably  employed ;  the  table  is  one  of 
averages,  deduced  from  practical  results,  and  tested  by  expe- 
rience as  most  truly  useful.  But  special  cases  may  occur  that 
would  make  departure  from  these  conclusions  not  only  advisable, 
but  advantageous.* 

The  use  of  marl  produces  an  unquestionable  effect  on  the 
productive  properties  of  the  soil.  According  to  M.  Puvis,  the 
application  of  the  proper  dose  of  a  sandy  marl,  containing  from 
30  to  60  per  cent  of  carbonate  of  lime,  doubled  the  produce  of  a 
piece  of  parched  land  in  the  department  of  the  Is^re.  Before 
the  application  of  the  marl  nothing  but  dwarfish  crops  of  rye  were 
gathered,  yielding  at  most  three  for  one  of  the  seed ;  at  present, 
eight  for  one  of  seed,  and  that  wheat,  are  obtained ;  and  the 
good  effects  are  found  to  continue  for  ten  and  even  twelve 
years. 

The  action  of  marl  is  not  unlimited  any  more  than  that  of 
lime,  as  the  last  sentence  will  give  the  reader  reason  to  conclude. 
With  every  harvest,  a  certain  proportion  of  it  is  carried  off,  and 
the  land  is  finally  left  with  an  inadequate  quantity  of  the  calca- 
reous element,  which  then  requires  to  be  restored.  The  nature 
of  the  crop,  however,  has  the  most  marked  influence  on  the 
quantity  of  Ume  that  is  taken  up  and  carried  away  from  the  soil ; 
allowing  the  broadest  margin,  and  judging  from  the  composition 
of  the  ashes  of  the  plants  that  form  the  subjects  of  our  ordi- 

*  Puvis  in  Annals  of  French  Agriculture,  vol.  xxviii,  p.  328,  2nd 
series. 
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nary  crops,  we  can  see  that  the  quantity  of  3^  bushels  of  marl 
of  the  usual  composition  per  acre,  which  is  assumed  as  the 
ayerage  quantity  to  be  laid  on,  is  vastly  more  than  can  be  abso« 
lutely  necessary. 

fVood  dshes  contribute  to  improve  the  soil.  They  contain, 
besides  silica,  both  phosphate  and  carbonate  of  lime  and  alkaline 
sulphates,  phosphates  and  carbonates.  In  a  general  way,  every- 
thing derived  from  plants  that  have  lived  must  be  useful  to 
plants  that  are  about  to  live,  or  that  are  actually  living.  Al- 
though the  utility  of  wood  ashes,  then,  is  generally  admitted, 
the  numerous  purposes  to  which  they  are  applied  in  the  arts, 
and  their  high  price,  which  is  the  consequence  of  this,  enable  the 
husbandman  to  employ  them  but  rarely  on  his  land ;  they  are 
almost  always  lixiviated  in  order  to  procure  the  carbonate  of  po- 
tash they  contain.  In  coimtries  which  are  thickly  wooded,  indeed, 
the  trees  are  actually  cut  down  and  burned  for  the  sake  of  their 
ashes,  just  as  oxen  are  run  down  and  slaughtered  in  the  vast 
plains  of  South  America  for  the  sake  of  their  hides. 

The  good  effects  of  wood  ashes  upon  vegetation  is  known  to 
communities  the  least  advanced  in  civilization.  The  Indians  of 
South  America  bum  the  stems  and  leaves  of  the  maize  in  order 
to  improve  the  soil.  The  same  practice  occurs  among  the  na- 
tives of  Africa :  on  the  banks  of  the  river  Zaire,  accordbg  to 
Tuckey,  the  ground  is  prepared  by  having  little  piles  of  dried 
herbs  placed  on  it,  to  which  fire  is  set ;  and  upon  the  spots 
where  the  ashes  are  collected,  they  sow  peas  and  Indian  com ; 
these  ashes  are  in  fact  the  only  manure  that  is  employed.  In 
England,  wood  ashes  are  esteemed  as  particularly  useful  upon 
gravdly  soils ;  about  40  bushels  per  acre  are  applied  in  the 
spring  where  the  article  can  be  obtained. 

The  lye-ashes  from  the  soap-boiler  contain  a  small  quan- 
tity of  soluble  saline  matter  which  has  escaped  the  lixiviation, 
mixed  with  a  large  proportion  of  lime,  partly  in  the  state 
of  carbonate,  the  lime  having  been  added  to  bring  the  carbonate 
of  potash  employed  in  the  manufacture  of  soap  into  the  caustic 
state.  This  ash  or  refuse  is  much  sought  after,  and  is  ad- 
ministered in  quantities  that  vary  from  45  to  70  bushels  per 
acre,  a  dose  in  which  its  action  is  felt  for  ten  years  or  more. 
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In  wooded  districts,  where  there  is  a  good  deal  of  potash  pre- 
pared,  ash  of  this  kind  is  obtained  in  large  quantity ;  it  is  there 
employed  alternately  with  organic  manures.  Ashes  are  applied 
in  the  same  way  as  lime,  with  this  difference,  that  it  is  held 
better  not  to  plough  them  in  until  they  have  received  a  Utde 
rain.  There  are  places  where  the  ashes  that  remain  in  the 
lixiviating  tub  are  thrown  on  in  the  dose  of  1 70  bushels  per 
acre. 

Twrf  or  peat  ashes.  Peat  is  the  result  of  a  peculiar  spc^i- 
taneous  change  that  takes  place  in  vegetables.  It  is  produced 
in  bogs  or  swamps,  and  in  connexion  with  stagnant  waters; 
turfy  deposits  are  also  encountered  on  the  banks  of  rivers,  in 
valleys,  at  the  bottoms  of  former  lakes,  and  at  the  mouths  of 
rivers.  Peat  is  met  with  from  the  level  of  the  sea  to  the 
elevated  platforms  of  the  Vosges  and  Alps ;  it  lies  in  horizontal 
beds,  frequently  divided  by  strata  of  gravel,  sand,  or  day.  It  is 
always  a  product  of  comparatively  recent  formation,  a  fact  which 
is  attested  by  the  thin  layers  of  vegetable  soil  that  lie  over  it  in 
many  places,  and  the  animal  remains,  and  products  of  human 
industry  that  are  frequently  encountered  in  it. 

The  state  of  decomposition  of  the  vegetables  that  form  turf 
or  peat  is  seldom  so  far  advanced  as  to  make  the  remains  of  the 
plants  which  compose  it  doubtful.  It  is  of  different  kinds: 
hard  or  woody,  and  soft  or  herbaceous  peat.  Some  of  it  is 
extremely  compact,  black,  and  like  vegetable  mould  in  appeu*- 
ance ;  generally  speaking  it  is  light,  spongy,  and  of  a  lighter  or 
deeper  shade  of  brown.  When  quite  dry,  it  is  often  extremely 
light ;  a  cubic  metre,  which  is  about  one  eleventh  more  than  a 
cubic  yard,  will  weigh  from  5  to  6  cwt. 

The  circumstances  in  which  turf  has  been  found  lead  us  to 
infer  that  it  must  contain  the  elementary  insoluble  elements 
of  the  plants  that  produced  it.  It  appears,  however,  to  contain 
a  somewhat  larger  proportion  of  azote  than  the  average  quantity 
met  with  in  herbaceous  vegetables,  supposed  dry ;  but  we  have 
seen  that  in  the  slow  alteration  of  lignine,  azote  becomes 
concentrated,  as  it  were,  in  the  residue ;  and  that,  in  fine,  mould 
contains  a  larger  quantity  of  azote  than  the  wood  from  which  it 
proceeds.      It  appears  farther  from  some  experimrats  very 
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lately  performed  by  Mr.  Hermann,  that  during  the  putrefaction 
of  the  woody  principle,  azote  is  actually  taken  from  the  air 
to  concur  in  the  formation  of  certain  products  that  are  perfectly 
definite.     Mr.  Hermann  quotes  the  following  experiment : 

Twenty-eight  parts  of  wood  taken  from  a  log  already  attacked 
with  rot,  and  in  which,  indeed,  there  were  several  points  already 
decayed,  were  moistened  and  enclosed  in  a  jar  containing 
atmospherical  air  over  mercury.  The  bulk  of  the  atmosphere 
contained  in  the  bell-glass  was  262  volumes.  The  wood  was 
kept  there  for  ten  days  at  a  temperature  of  75. 2**  Fahr.  The 
apparent  volume  of  the  air  continued  unaltered  to  the  end  of  the 
experiment;  but  a  large  quantity  of  carbonic  acid  had  been 
formed : 

BSSULT8   ON  THE   INCLUDED   AIB : 

Before  After. 

The  air  contained :  Azote     •     207  vols.  194  vols. 

Carbonic  acid.     40   ,» 
Oxygen    55  28    „ 

262  262 

The  moist  wood  in  its  decomposition  during  ten  days  had 
consequently  caused  thirteen  volumes  of  azote  and  twenty-seven 
volumes  of  oxygen  to  disappear.  And  Mr.  Hermann  found  that 
it  now  contained  principles  analogous  to  those  of  humus,  one  of 
which,  nitrolin,  is  highly  azotised,  and  by  the  ulterior  action  of 
m  and  moisture,  gives  rise  to  ulmate  of  ammonia.  These 
experiments  of  Mr.  Hermann  are  new,  and  the  conclusions  to 
which  they  lead  are  both  interesting  and  important.* 

Turf  or  peat  is  virtually  the  woody  principle  in  the  last  stage 
of  modification  by  atmospherical  influences ;  but  it  appears  still 
to  contain,  although  modified,  the  usual  principles  which  enter 
into  the  constitution  of  herbaceous  vegetables  also.  M.  Payen 
detected  a  quantity  of  fatty  matter  in  it,  analogous  to  that  which 
exists  in  leaves,  and  M.  Reinsch  found  it  to  contain  tannin. 
One  sample  of  turf  (from  the  neighbourhood  of  Moscow  by  the 
way)  examined  by  Mr.  Hermann,  yielded  of  carbonaceous  matter, 
nitrolin  and  vegetable  remains  77.5  ;  of  ulmic  acid  1 7.0 ;  extract 

♦  Vide  his  paper  in  Joum.  fOr  prakt.  Chemie,  b.  xxiii.  s.  379. 
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of  humus  4.0;  ammonia  0.25  ;  and  ash  1.25=100.0.  The 
elementary  composition  of  these  varieties  of  turf,  analysed  by  M. 
Rc^naulty  gave  from  57  to  58  of  carbon ;  5.1  to  5.6  hydrogen ; 
30.8  to  31.8  oxygen  and  azote;  and  4.6  to  5.6  ashes. 

Turf  or  peat  has  consequently  a  certain  resemblance  to  mould 
or  humus;  it  differs,  .however,  in  the  absence  of  substances 
soluble  in  water ;  and  it  is  easy  to  imagine  that,  produced  as 
it  is  in  connexion  with  water,  continually  soaked  in  moisture, 
soluble  matters  ought  not  to  be  expected  in  it  in  appreciable 
quantity.  Peat  might,  in  fact,  be  likened  to  the  insoluble  part 
of  humus  left  after  lixiviation.  And  there  is  this  farther  resem- 
blance that  peat,  like  the  humus  which  has  been  thoroughly 
lixiviated,  if  exposed  to  the  air,  by  and  by  acquires  a  quantity 
of  soluble  material,  the  evolution  of  which  is  also  hastened  by 
the  contact  of  the  alkalies.  The  employment  of  turf  as  manure, 
in  some  countries,  confirms  the  propriety  of  this  mode  of  viewing 
its  nature  and  constitution ;  and  then  it  is  well  known  that  bogs 
consisting  of  pure  tmf,  when  drained  and  limed,  become  tolerably 
fertile  lands,  yielding  magnificent  crops  of  oats  and  turnips 
especially. 

The  ashes  of  turf  we  might  expect  to  contain  the  mineral 
substances  usually  found  in  the  ashes  of  plants,  and  farther  a 
certain  quantity  of  additional  earthy  matter.  But  this  is  not 
the  case :  several  alkaline  salts,  indeed,  have  been  discovered  in 
very  small  proportion  ;  but  no  chemist,  to  my  knowledge,  has 
ever  even  suspected  the  presence  of  any  of  the  phosphates ;  a 
special  search  which  was  made  for  them  in  my  laboratory  fiuled 
to  discover  them.  This  is  a  fact,  which  I  own,  amazed  me ; 
some  coal  ash,  and  another  ash  produced  from  lignite,  gave  a 
result  equally  negative.  We  might  imagine  the  disappearance 
of  the  soluble  salts;  but  how  the  earthy  phosphates  should 
disappear ;  how  the  ashes  of  coal  should  come  to  be  without  a 
trace  of  phosphoric  acid,  when  we  see  that  the  iron  ore,  in 
connexion  with  the  coal  fields,  is  always  more  or  less  phospho- 
rigerous,*  is  surprising. 

Turf  or  peat  ashes  are  valuable  improvers  of  the  soil,  and  are 

*  Our  author  might  have  added  the  fact,  that  the  common  bog  iron  ore 
of  this  country  is  a  phosphate  of  iron, — £ng.  Ed. 
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in  great  request  among  intelligent  farmers.  Analysis,  in  fact, 
indicates  several  substances  in  their  composition  as  calculated  to 
assist  vegetation ;  carbonate  of  lime,  in  a  state  of  extreme  sub- 
division, occasionally  sulphate  of  lime  (gypsum) ;  calcined  day 
whose  action  upon  strong  and  retentive  lands  is  always  bene- 
ficial ;  silica  in  a  favourable  state  for  assimilation ;  finally,  alka- 
line '  salts,  chlorides,  sulphates,  carbonates,  and,  perhaps,  in  spite 
of  the  negative  given  by  chemical  analysis,  traces  of  the  phos- 
phates. 

The  peat  of  the  bogs  of  Sceaux,  near  Chateau-Landon,  leaves 
19  per  cent,  of  ashes^  composed,  according  to  M.  Berthier,  of: 


Caustie  and  carbonated  lime 
Clay    .... 
GFelatinous  Bilica   . 
Alumina        .        • 
Oxide  of  iron         • 
Carbonate  of  potash 


63.0 
7.5 

13.0 
7.0 
9.0 
0.5 

100.0 


The  peat  of  Voitsiunra,  dug  upon  the  frontiers  of  Bavaria  and 
Bohemia^  contains  the  remains  of  trees ;  it  leaves  1.7  per  cent, 
of  asheSy  composed,  according  to  M.  Fikenscher,  of: 


SHica 

Alununa 

Oxide  of  iron 

lime    .        •        • 

Magnesia 

Sulphate  of  lime    • 

Chloride  of  calcium 


86.5 
17.3 
33.0 
2.0 
3.5 
4.5 
0.5 


Carbonaceous  matter  not  incinerated      2.7 


100.0 


The  brown  herbaceous  peat  of  the  neighbourhood  of  Troyes, 
leaves  1 1  per  cent,  of  residue ;  it  contains : 


Carbonic  acid  and  sulphur 
Lime    .         .         •         • 
Magnesia     •        • 
Alumina  and  oxide  of  iron 
Clay  and  silica 


23.0 
23.0 
14.0 
14.0 
26.0 

Tooo 
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The  peat  of  Vassy  h  compact,  and  of  a  brown  colour;  it  is 
mixed  with  fragments  of  chalk.  On  incinerationi  it  leaves  7.3 
of  residue  per  cent.,  containing : 

Clay 11.0 

Carbonate  of  lime  •        •        .51.4 

Sulphate  of  lime    .        •        •         •     26.0 
Oxide  of  iron        •        •        •        .11.5 

100.0 

The  peat  of  Champ-du-Feu,  near  Framont  (Vosges),  leaves 
3  per  cent,  of  ashes,  which  consist  of: 

Silica 40.0 

Alumina  and  oixide  of  iron    *  •        .    80.0 
Lime 30.0 

100.0 

The  peat  of  the  environs  of  Haguenau  (Lower  Rhine),  pro- 
duces 1 2.5  per  cent,  of  ashes,  which,  according  to  the  analysis 
made  in  ny  laboratory,  contain : 

Silica  and  sand     ....  S5.5 

Alumina 16.2 

Lime             6.0 

Magnesia              ....  0.6 

Oxide  of  iron        ....  3.7 

Potash  and  soda    •         •         .        •  2.3 
Sulphuric  acid       •         •         .         .5.4 

Chlorine 0.3 

100.0 

Supposing  the  whole  of  the  sulphuric  acid  found  to  have  been 
in  combination  with  lime,  this  peat  could  only  have  contained 
4.1  percent,  of  gypsum. 

These  analyses  will  show  that  the  composition  of  peat  or  turf 
is  very  various.  The  varying  and  dissimilar  effects  produced 
by  turf  ashes  may  probably  be  owing  to  this  variety  of  composi- 
tion. Turf  ashes  in  a  general  way  may  be  used  as  a  substitute 
for  gypsum ;  but  this  is  upon  the  presumption  that  they  con- 
tain lime,  either  in  the  state  of  carbonate  or  of  sulphate.  The 
Vassy  turf  ashes,  for  example,  may  be  employed  for  gypsing 
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^ap^/^^y  ^Suae  fiw*jr  ;fU&u^Ai'.«  in  :ru7  vnrpcxuiir     T!iis  its  » 
iHl  ^^.^MUkfc^  iii(  f^iuli^n ;  vit  'Uie  sxixk  ia9i!t  -smiupnst  :tiiBiL 

1^'ft^^,  19>«^;I^  n^  Ksrr^  p^»^  »b»  at  '■;ar  'fiip'jaal,  ve  zrv?  £i  bchit 
M  <//  t^ntAt^  y^  %0^K  iff  f0ta  A/iffTK ;  we  scarar  ^■'^rt  even 
^/Tf  tf f^  ilr#HSiP^>^  //  tti«  MTvw^  ^A  drntbcsU  cbem  by  mans  tof 
(1^.  f«fc^  ^o  tlif^.  nf0i$¥f(^  TV  Dbtiik  use  tb»e  sfaes  m  al 
fcif<;^  fftstt^iy^  *f>¥^>^>j(  *t  t^o  different  times  from  100  to 
I  <J^/  t^Mli^  p^  mnrn  Up  ihm  Aftn  fiekb.  Aooonfing  to  Sio- 
^\mff  tli^  \hA4i%  nhtf}  tttsikt  tiie  of  an  ash  fmcured  from  a  tuif 
♦rfii/4i  /(M#iri((  wiriUr  m  in  cr/ntact  with  braddah  wat^,  a  drcum- 
^Mum  ¥thu'S\  r$^uUim  thin  a^h  particulariy  rich  in  alkaline  salts. 
h  \n  *//'Ai7l  l/y  hfiMl  in  t\m  ftprin^  upon  clover,  and  the  following 
r  y^'**''  Ml  ttl/fif »/lant  m;p  //f  nvlu^it  in  obtmned.  The  same  material 

U  klmi  uml  in  (Im  cultivation  of  the  hop ;  and  it  is  said,  that 
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admiiustaed  in  sonll  ijantilT  to  the  roots  of  the  fame,  ther  pr^ 
serve  the  phut  from  the  ittsKlES  of  destmcthv  insects. 

CSoaladkes.  Cod,  Eke  tie  two  iKt  csooibastifafe  matenk,  U 
the  iHX)diict  of  Tegelafaks,  wliidi  howerer  hx^  ondergone  siidi 
a  change  as  to  hiie  loBl  aliiioBt  every  tnee  of  or]^^  Coil 

of  different  Idndb  unntainft  from  1.4  to  about  2.3  per  cent  of 
ashes,  and  about  two  per  cent  of  azote.  The  ash  of  a  variety 
of  ooal  of  vety  ftwarOnt  qaJkj  gave  of: 


Aigilhmws  Batter  (Oca  I)  not  aolaUe  in  acads         .     S3 
Ahunina  •••••...3 

lime G 

Magnewa 8 

Oxide  of  rnngneK        ......      Z 

Oxide  md  wlphnrrt  of  iron 16 

loo 

Coal  ash  abo  confauns  vcrv  noinute  quantities  of  alkaline  salts 
which  usualty  escape  analyas  whoi  they  are  not  especially  in- 
quired after.  One  spedmen  analjrsed  in  my  laboratory  gave 
nearly  00.1  of  alkalL  Coal  ash  is  particularly  useful  on 
clayey  soils;  it  acts  by  lessening  the  tenacity  of  the  soil ;  and 
fiuther,  doubtless,  by  the  introduction  of  certain  useful  prind- 
pleS|  such  as  lime  and  alkaline  gaits 

OF   ALKALINK   SALTS. 

It  is  impossible  to  doubt  that  salts  having  potash  and  soda 

for  their  base  are  useful  in  agriculture.     The  influence  of  wood 

ashes,  and  of  paring  and  burning,  is  unquestionable ;  and  they  are 

SO;  in  some  considmible  degree  at  least,  in  consequence  of  the  salts 

of  these  bases  which  they  supply,  and  which  always  enter  into 

the  constitution  of  vegetables.     There  are  even  certain  crops 

which,  in  order  to  thrive,  require  a  particular  alkali ;  the  vine, 

for  example,  the  fruit  of  which  contains  bitartrate  of  potash^  and 

sorrel,  which  contains  the  binoxalate  of  the  same  base,  must 

needs  have  supplies  of  potash.     The  plants  which  are  grown  for 

the  production  of  soda,  the  Salsola,  8fc.,  from  which  barilla  is 

made,  must  come  in  a  soil  that  naturally  contains  a  salt  of 

soda,  such  as  that  of  the  sea-shore. 
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meadows,  inasmuch  as  they  contain  a  quarter  of  their  weight  of 
sulphate  of  lime. 

The  ashes  from  pyritic  turf  ought  not  to  be  used  without 
great  circumspection ;  they  usually  contain  a  quantity  of  iron 
pyrites  which  has  not  been  destroyed  in  the  burning,  and  which 
exposed  to  the  action  of  the  air,  gives  rise  to  the  formation  of 
green  vitriol  or  sulphate  of  iron,  which  may  prove  prejudicial  to 
vegetation.  These  ashes  are  generally  of  a  red  colour,  and 
very  heavy  in  consequence  of  containing  a  quantity  of  the  oxide 
of  iron.  Good  turf  ashes  ought  to  be  white  and  light ;  the 
sack  ought  to  weigh  something  less  than  a  hundred  weight. 
Schwertz  recommends  us  to  keep  them  from  the  wet ;  but  at 
Bechelbronn,  where  we  use  large  quantities  of  peat  ashes,  we  find 
no  ill  effects  from  leaving  them  exposed  to  the  rain ;  frequently, 
indeed,  we  moisten  them  with  water  from  the  dunghill,  in  order 
to  add  to  their  properties  as  a  mineral  manure,  those  that  be- 
long to  organic  manures.  On  the  whole,  however,  it  is  certainly 
better  for  many  reasons  to  keep  them  dry ;  they  are  more  easily 
carried,  and  they  are  more  easily  spread. 

Turf  ashes  of  a  good  quality,  that  is  to  say,  which  include  in 
their  composition  a  large  proportion  of  calcareous  and  alkaline  salts, 
are  adapted  to  crops  of  every  description  ;  but  it  is  upon  clover 
especially  that  their  influence  is  truly  surprising.  This  fact  is 
well  established  in  Flanders  ;  but  one  must  have  employed  them 
oneself  to  have  any  adequate  idea  of  the  improvement  they  pro- 
duce. There  is  no  risk  of  giving  too  large  a  quantity.  In 
winter,  when  we  have  peat  ashes  at  oiu-  disposal,  we  give  as  many 
as  60  bushels  per  acre  to  our  clovers ;  we  scatter  them  even 
upon  the  surface  of  the  snow,  and  distribute  them  by  means  of 
the  rake  in  the  spring.  The  Dutch  use  these  ashes  in  still 
larger  quantity,  applying  at  two  different  times  from  100  to 
1 60  bushels  per  acre  to  their  clover  fields.  According  to  Sin- 
clair, the  Dutch  also  make  use  of  an  ash  procured  from  a  turf 
which  during  winter  is  in  contact  with  brackish  water,  a  circum- 
stance which  renders  this  ash  particularly  rich  in  alkaline  salts. 
It  is  sowed  by  hand  in  the  spring  upon  clover,  and  the  following 
year  an  abundant  crop  of  wheat  is  obUiined.  The  same  material 
is  also  used  in  the  cultivation  of  the  hop ;  and  it  is  said,  that 
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administered  in  small  quantity  to  the  roots  of  the  Inne,  they  pre- 
serve the  plant  from  the  attacks  of  destructive  insects. 

Coal  dshes.  Coal,  like  the  two  last  combustible  materials,  is 
the  product  of  vegetables,  which  however  have  undergone  such 
a  change  as  to  have  lost  almost  every  trace  of  organization.  Coal 
of  different  kinds  contains  from  1.4  to  about  2.3  per  cent  of 
ashes,  and  about  two  per  cent  of  azote.  The  ash  of  a  variety 
of  coal  o£  very  excellent  quality  gave  of: 

Argillaceous  matter  (silica  ?)  not  soluble  in  acids         •  62 

Alumina 5 

Lome 6 

Magnesia 8 

Oxide  of  manganese 3 

Oxide  and  sulphuret  of  iron      .         «...  16 

llOO 

Coal  ash  also  contains  very  minute  quantities  of  alkaline  salts 
which  usually  escape  analysis  when  they  are  not  especially  in- 
quired after.  One  specimen  analysed  in  my  laboratory  gave 
nearly  00.1  of  alkalL  Coal  ash  is  particularly  useful  on 
clayey  soils ;  it  acts  by  lessening  the  tenacity  of  the  soil ;  and 
ferther,  doubtless,  by  the  introduction  of  certain  useful  princi- 
ples, such  as  lime  and  alkaline  salts. 

OF   ALKALINE   SALTS. 

It  is  impossible  to  doubt  that  salts  having  potash  and  soda 
for  their  base  are  useful  in  agriculture.  The  influence  of  wood 
ashes,  and  of  paring  and  burning,  is  unquestionable ;  and  they  are 
so,  in  some  considerable  degree  at  least,  in  consequence  of  the  salts 
of  these  bases  which  they  supply,  and  which  always  enter  into 
the  constitution  of  vegetables.  There  are  even  certain  crops 
which,  in  order  to  thrive,  require  a  particular  alkali ;  the  vine, 
for  example,  the  fruit  of  which  contains  bitartrate  of  potash,  and 
sorrel,  which  contains  the  binoxalate  of  the  same  base,  must 
needs  have  supplies  of  potash.  The  plants  which  are  grown  for 
the  production  of  soda,  the  Salsola^  £fc.,  from  which  barilla  is 
made,  must  come  in  a  soil  that  naturally  contains  a  salt  of 
soda,  such  as  that  of  the  sea-shore. 
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It  would  appear,  however,  that  the  salts  of  soda  or  potash, 
must  not  exceed  a  very  small  proportion  in  the  soiL  All  the 
experiments  that  have  yet  been  undertaken  with  a  view  to  ascer- 
tain the  action  of  different  saline  substances  on  growing  vege* 
tables,  have  led  to  no  very  certain  conclusion  but  this,  that  they 
must  be  used  very  sparingly.  M.  Lecoq  has  published  an  ac- 
count of  some  experiments,  made  apparently  with  great  care, 
which  go  to  prove  that  common  salt  in  the  dose  of  from  l:j  to 
2^  cwts.  per  acre,  favoured  the  gro^ih  of  barley,  wheat,  lucem  and 
flax.  Chloride  of  calcium  and  sulphate  of  soda,  he  also  found 
to  have  the  same  good  effects.  M.  de  Dombasle,  however, 
came  to  conclusions  totally  opposed  to  them,  with  reference  es- 
pecially to  common  salt,  which,  applied  in  the  doses  advised  by 
M.  Lecoq  was  not  found  to  produce  any  sensible  effect.  M. 
Puvis  also  obtained  results  that  were  equally  negative.  It  would 
perhaps  have  been  well  had  M.  Lecoq  begun  by  determining  the 
proportion  of  alkaline  salts  which  existed  previously  in  the  soil 
on  which  he  conducted  his  experiments.  If  he  operated  on 
a  soil  that  was  either  destitute  of  these  salts,  or  that  contsdned 
them  only  in  minimum  proportion,  very  probably  he  did  good 
by  adding  them. 

Nitrate  of  potash  has  been  repeatedly  recommended  as  an 
agent  useful  in  agriculture.  The  conclusions  that  have  been 
come  to  however  from  its  use^  are  far  from  accordant.  In  the 
processes  or  modes  of  using  nitre  to  the  soil,  it  is  not  imcom- 
mon  to  iSnd  it  associated  with  soot,  or  with  vegetable  mould, 
substances  which  required  no  assistance  of  any  kind  to  constitute 
them  powerfrd  manures,  and  the  addition  of  which  is  there- 
fore calculated  to  raise  strong  doubts  of  the  advantageous 
qualities  ascribed  to  nitre  alone.  Were  the  advantages  of  ni- 
trate of  potash  much  less  questioned  than  th^  are,  however,  the 
high  price  of  the  salt  would  probably  always  oppose  insuperable 
obstades  to  its  employment.  This  is  the  reason  in  aD  likelihood 
that  has  turned  the  attention  of  English  agriculturists  for  several 
years  past  to  nitrate  of  soda,  a  salt  that  is  imported  in  quantity  from 
Peru,  and  of  which  the  price  per  cwt.  may  be  about  40  shillings ; 
a  price  which,  were  it  found  really  usefid,  would  pwmit  of  its 
being  used.     Admitting  the  accuracy  of  the  experiments  that 
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have  been  made,  indeed,  we  cannot  doubt  the  efficacy  of  nitrate 
of  soda  on  soil  already  furnished  with  organic  manure.  The 
quantity  that  has  been  recommended  is  about  1  cwt.  per  acre. 

Mr.  Barclay  made  a  few  experiments  after  having  heard  much 
of  the  nitrate  of  soda  from  his  neighbours,  of  the  results  of 
which  the  following  examples  will  suffice  to  give  a  comparative 
estimate : 

Without  idtrate.  With  nitrate.  Difference  in  farour  of 

the  nitrates. 

Wheat  .     31  bush.  2  pecks.     35  bush.  3  pecks.     5  bush.  3  pecks. 
Straw    •     21cwt.  Oqrs.  191bs.   23cwt.  2qr8.  261bs.    3cwt.2qrs.71bs. 

The  produce  of  the  land  treated  with  nitrate,  howev«",  did  not 
fetch  so  high  a  price  at  market  as  that  grown  without  it ;  and 
every  item  of  expense  taken  into  the  reckoning,  the  use  of  the 
nitrate  was  attended  with  no  commercial  benefit.  Still  this 
does  not  militate  against  the  fact,  that  the  production  of  vege- 
table matter  was  increased  upon  land  treated  with  tl)e  nitrate  of 
soda.  And  indeed  much  of  the  information  which  M.  de  Gourcy 
collected  in  England,  is  of  a  kind  that  tends  to  confirm  the  fa- 
vourable influence  of  this  salt  on  vegetation.  Wheat,  clover, 
and  Swedish  turnips  are  particularly  specified  as  benefitting  from 
its  use.  These  facts  admitted,  we  may  ask :  how  does  the  ni- 
trate of  soda  act  ?  The  chemical  constitution  of  the  nitrates  is 
such,  that  we  might  conceive  their  acting  at  once  as  mineral 
and  as  organic  manures.  The  important  point  for  solution  was 
to  ascertain  whether  the  azote  of  the  nitrate  contributed  in  any 
way  to  the  formation  of  the  azotised  principles  of  plants.  Davy, 
in  taking  with  much  distrust  the  report  of  Sir  Kenelm  Digby's 
experiments  on  the  influence  of  nitre  in  the  cultivation  of  barley, 
shows  no  disinclination  to  believe  that  the  azote  of  the  salt  may 
concur  in  the  production  of  albumen  and  gluten.*  This,  how- 
ever, is  a  point  in  physiology  which  may  be  put  to  the  proof  by 
experiment,  and  seems  peculiarly  worthy  of  being  tested  in  this 
way.  I  have  admitted  it  as  extremely  probable,  that  the  azote 
of  the  azotised  principles  of  plants  has  its  source  either  in  the 
ammonia,  which  is  the  special  ultimate  product  of  the  organic 
manure  we  employ,  or  in  the  azote  of  the  atmosphere  or  in  both 

*  Agricultural  Chemistry. 
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simultaneously  ;  but  the  opinion  which  should  maintain  that  the 
ammonia  derived  from  the  organic  constituents  of  the  soil,  passes 
into  the  state  of  nitric  acid  before  penetrating  the  tissues  of 
plants,  would  find  support  nearly  in  the  same  facts  which  I  have 
quoted  as  favouring  the  former  view.  We  have  seen,  moreover, 
in  our  general  considerations  on  nitrification,  with  what  facility 
the  azote  of  ammonia  undergoes  acidification  in  certain  circum- 
stances, a  fact  from  which  an  argument  of  much  potency  for  the 
nitric  acid  theory  naturally  flows.  I  shall  here  add  an  observa- 
tion to  which  I  have,  up  to  this  time  perhaps,  attached  too  little 
importance.  When  M.  Rivero  and  I  examined  the  highly  irri- 
tating and  poisonous  milky  sap  of  the  hura  crepitanSy  we  had 
occasion  to  leave  a  considerable  quantity  of  the  water  derived 
from  the  sap,  after  separating  the  caseum,  to  itself;  by  the  spon- 
taneous evaporatoin  of  this  water,  we  collected  really  a  conside- 
rable quantity  of  nitrate  of  potash.  Since  this  time,  I  have  had 
occasion  to  note  the  same  salt  in  the  sap  of  several  trees  of  the 
tropics.  In  the  leaves  and  finit,  however,  I  have  never  found 
more  than  very  minute  quantities. 

Qypsuray  sulphate  of  limey  or  plaster  of  Paris,  is  a  com- 
pound of  41.5  lime  with  58.5  sulphuric  acid;  gypsum  generally 
contains  a  quantity  of  constitutional  water,  in  which  case  it  con- 
sists of  79.2  sulphate  of  lime,  and  20.8  water  =  100.  This 
hydrate  of  sulphate  of  lime  is  one  of  the  abundant  minerals  on 
the  surface  of  the  earth ;  it  is  met  with  in  the  crystalline  state, 
and  in  granular  and  fibrous  masses  in  the  strata  of  most  recent 
formation.  It  has  no  sensible  taste,  but  is  slightly  soluble  in 
water,  this  fluid  dissolving  ^  of  its  weight  of  the  salt.  Ex- 
posed for  some  time  to  a  white  heat,  it  loses  its  water  of  consti- 
tution, and  passes  into  the  state  in  which  when  ground  it  is 
known  under  the  name  of  plaster  of  Paris. 

Gypsum  is  one  of  the  most  commonly  employed  of  the 
mineral  manures.  Its  virtues  appear  not  to  have  been  unknown 
to  the  ancients ;  but  until  lately  its  employment  was  limited  to 
a  few  circumscribed  districts.  It  was  only  about  the  middle  oi 
the  eighteenth  century  that  the  protestant  pastor,  Mayer,  took 
up  the  study  of  gypsum  in  the  principality  of  Hohenlohe,  pro- 
ceeding upon  certain  information  which  he  had  obtained  from 
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Hehlen  of  Hanover,  in  the  neighbourhood  of  which,   it  was 
employed  as  an  improver. 

By  extending  a  knowledge  of  the  virtues  of  gypsum,  both  by 
his  example  and  his  writings,  Mayer  did  great  service  to  agri- 
culture. Experiments  were  soon  instituted  in  all  quarters. 
Tschi£feli  in  Switzerland,  Schubart  in  Germany,  and  Franklin 
in  America,  wrote  on  its  effects,  or  practically  demonstrated 
them  to  the  satisfaction  of  alL  But  it  appears  to  be  the  fate  of 
all  useful  discoveries,  of  all  happy  applications  of  principles,  to  be 
opposed  at  first  and  only  to  be  admitted  after  having  been 
vainly  disputed.  The  use  of  gypsum  soon  aroused  formidable 
opposition ;  and  there  is  a  curious  episode  in  the  history  of  the 
paper  war  that  was  long  carried  on  upon  the  subject  which  I 
think  worth  noting.  Among  the  most  strenuous  enemies  of 
the  use  of  gypsum,  were  the  proprietors  of  the  salt-pans.  They 
declared  that  gypsum  was  not  only  incompetent  to  replace 
schlot  or  the  refuse  of  their  pans,  as  had  been  proposed,  but  that 
it  was  injurious ;  schlot  was  the  only  real  improver,  the  stimulant 
of  stimulants,  for  which  there  was  no  substitute.  But  it  turned 
out  by  and  by  that  the  schlot  of  the  salt  pan  was  found  to  be 
neither  more  nor  less  than  sulphate  of  lime,  than  gypsum — ^the 
article  that  was  not  only  inefficient,  but  injurious.  These 
gentlemen  were  afi-aid  that  the  use  of  gypsum  extending,  they 
would  want  a  market  for  their  refuse. 

The  use  of  gypsimi  once  introduced,  extended  rapidly  in 
France,  particularly  around  Paris,  whence  it  crossed  the  Atlantic, 
and  the  fields  of  North  America  were  actually  manured  with  the 
produce  of  the  quarries  of  Montmartre.  The  lately  cleared 
lands  of  America  abound  in  humus,  and  the  plants  indigenous 
there,  were  most  beneficially  acted  on  by  gypsum,  which  really 
produced  remarkable  effects ;  in  both  the  new  and  the  old  world 
its  power,  as  one  of  the  most  useful  auxiliaries  of  vegetation, 
soon  appeared  to  be  established. 

We  must  not  blind  ourselves  to  the  feet,  however,  that  the 
partisans  of  gypsum  were  guilty  of  exaggeration.  They  spoke 
of  the  substance  as  an  universal  manure,  capable  of  supplying 
the  place  of  every  other,  as  advantageous  for  every  description 
of  crop,  as  applicable  to  every  variety  of  soO.  Experience  soon 
set  bounds  to  such  indiscriminate  laudation ;  it  was  found  that 
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gypsum  alone  was  inadequate  to  produce  fertility,  that  it  always 
required  the  concurrence  of  organic  maniu*es,  if  the  soil  did  not 
contain  them  of  itself;  that  it  only  acted  beneficially  on  a 
certain,  and  that  a  very  small  number  of  plants ;  lastly,  that  it 
was  upon  artificial  meadows,  constituted  by  clover,  lucem,  and 
sainfoin,  that  it  produced  its  best  effects ;  its  action,  on  the  con- 
trary, being  scai'cely  perceptible  upon  natural  meadows,  doubtful 
in  connexion  with  hoed  crops  and  null  with  the  cereals.  These 
negative  results  cannot  be  called  in  question ;  they  were  come 
to  by  parties  who  were  every  way  interested  in  having  the 
decision  otherwise. 

The  best  season  for  spreading  gypsum  is  the  spring,  and 
when  the  clover,  sainfoin,  or  lucem,  has  already  made  a  certain 
degree  of  progress;  calm  and  moist  weather  is  the  best  for 
laying  it  on.  Opinion  was  long  divided  as  to  whether  it  should 
be  applied  in  its  natural  state,  and  simply  ground,  or  first  biuned 
and  then  ground.  But  it  is  now  generally  admitted  that 
burning  adds  nothing  to  the  qualities  of  gypsum.  Although 
the  usual  practice  is  to  sow  or  powder  the  meadows  with  the 
ground  gypsum,  it  is  stiU  acknowledged  that  good  effects  are 
obtained  fi'om  incorporating  the  substance  with  the  soil.  The 
advantage  of  the  practice  of  scattering  it  on  in  powder,  so  as  to 
adhere  to  the  wet  leaves  of  the  growing  plants,  I  find  explained 
in  the  equality  of  distribution  which  is  by  this  means  effected. 

In  some  places,  the  number  and  extent  of  which  are  by  no 
means  inconsiderable,  no  good  effect  whatever  has  attended  the 
application  of  gypsiun,  although  it  has  been  administered  in 
favourable  conditions  and  in  connexion  with  crops  that  else- 
where derive  the  highest  amount  of  advantage  fi-om  its  use. 
This  anomaly  has  been  explained  by  assuming,  without  proving 
experimentally,  however,  that  the  fact  is  so,  that  the  soil  in  these 
districts  naturally  contains  a  sufficient  dose  of  gypsum.  It 
has  also  been  said  that  gypsum  produces  no  effect  on  low-lying 
and  damp  soils. 

The  quantity  of  gypsum  employed  in  different  places,  varies 
greatly  ;  fi'om  1  ^  to  1 6  cwts.  per  acre  have  been  recommended. 
The  quality  of  the  article  employed  has  a  great  influence  on  this 
question,  to  say  nothing  of  the  price,  which  in  many  places,  is  high- 

The  opinions  of  practical  men,  with  regard  to  the  advantages 
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and  propriety  of  applying  gypsum,  although  they  agreed  in  certain 
determinate  circumstances,  were  still  far  from  being  unanimous 
upon  every  point.  A  particular  inquiry  into  the  subject  was 
therefore  held  worthy  of  its  attention  by  the  French  government, 
and  a  comprehensive  report  on  all  the  information  collected,  was 
made  by  M.  Bosc  to  the  Royal  Central  Agricultural  Society  of 
France.  This  report  shows  in  a  striking  manner  the  advantage 
that  may  be  derived  from  the  lights  of  practical  men ;  in  a  smgle 
line  or  sentence  we  frequently  find  a  summary  of  twenty  or  thirty 
years  of  experience.  It  is,  however,  indispensable  to  go  to  these 
gentlemen  for  their  information ;  the  agriculturists  who  devote 
themselves  to  cultivation,  it  is  notorious,  write  very  little,  and 
those  who  spend  very  little  time  in  this  way,  on  the  contrary  write 
a  great  deal.  It  may  be  that  the  reason  for  the  'silence  of  the 
one,  is  that  also  for  the  eloquence  of  the  other. 

The  following  series  of  questions  and  answers  I  believe  to 
embrace  most  of  the  points  connected  with  the  employment  of 
gypsum,  that  are  of  interest. 

1st.  Does  plaster  act  favourably  on  artificial  meadows?  Of 
43  opinions  given,  40  are  in  the  afiirmative;  3  in  the  negative. 

2nd.  Does  it  act  favourably  on  artificial  meadows,  the  soil  of 
which  is  very  damp  ?     Unanimously,  no.     Ten  opinions  given. 

3rd.  Will  it  supply  the  place  of  organic  manure,  or  of  vegetable 
mould  ?  i.  e.  will  a  barren  soil  be  converted  into  a  fertile  one 
by  the  use  of  plaster  ?   No,  unanimously.    Seven  opinions  given. 

4th.  Does  gypsing  sensibly  increase  the  crops  of  the 
cereals?     Of  32  opinions,  30  negative,  2  affirmative. 

The  information  thus  obtained,  valuable  as  it  is,  cannot  yet  be 
held  to  embrace  everything  that  seems  desirable.  Happily  aU 
that  was  wanting  has  been  supplied  by  the  individual  inquiries 
of  Mr.  Smith  in  England,  and  of  M.  de  Vill^le  in  France. 

The  soil  upon  which  Mr.  Smith  made  his  experiments  was 
light,  with  a  substrate  of  chalk ;  the  vegetable  earth  was  a  yard 
in  depth  at  the  top  of  the  field,  and  lessened  gradually,  in  such 
a  way  that  at  the  bottom  it  was  but  three  inches  thick.  Every 
precaution  was  taken  that  the  respective  breadths  contrasted 
should  be  as  nearly  as  possible  in  the  same  circumstances. 
The  following  table  shows  the  results : 
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OROtTTH   OF   8AINT0IN   UPOIT   BOILS   0TP8BD   AXD   UXQTP8BD    IK 

1792,  1793,  and  1794. 


Number  of 

Remarks. 

Drf  herb 
per  acre. 

Seed  per 
acre. 

Welgbt 

of  total 

crop. 

PropoKlon 

of  Italic  to 

seed. 

Ibt. 

Iba. 

Ibt. 

1 

Crop  on  the  deeper  nngyp- 

sed  soil 

3357 

419 

3776 

100:12.5 

Crop  upon  the  contiguous 

breadth,  which  had  re- 

ceived about  15  bushels 

of  gypsum  in  April  1794 
Difference  in  favour  of  the 

5462 

582 

6044 

100:10.7 

gypsed  breadth 

• 

2105 

163 

2268 

2 

Crop   upon  the  same  soil, 
of  less    depth,  and   not 

gjrpsed          •         • 

2766 

245 

3011 

100:8.9 

Crop  on  contiguous   soil. 

dressed  with    about   15 
bushels    of    gypsum   in 

April  1792    . 
Difference  in  &vour  of  the 

4381 

379     4760 

100:8.7 

gypsed  breadth 

1615 

134 

1749 

3 

Crop  on  the  same  soil,   3 
inches    deep,    and    not 

gypsed          .         .         . 

2068 

66 

2134 

100:3.2 

Crop    on  contiguous  soil. 

dressed  with    about   15 

bushels  of  gypsum,  17th 

May,  1794  . 
Difference  in  favour  of  the 

4879 

211 

5090 

100:4.3 

gypsed  piece 

2811 

145 

2956 

4 

Crop  on  the  contiguous  soil 
of   experiment.    No.   3, 
gypsed  with    the  same 

dose  in  May,  1792 
Difference  in  &vour  of  the 

4310 

205 

4515 

100:4.8 

crop    gypsed  twice,    at 

an  interval  of  two  years 

2242 

139 

2381 
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These  results  show  to  what  extent  gypsum  is  favourable  to 
the  production  of  sainfoin.  The  crop  from  the  unplastered 
breadth  being  taken  as  100,  that  upon  the  plastered  breadth  is 
231 ;  it  is  more  than  doubled.  The  influence  of  gypsum  was 
also  found  by  Smith  to  extend  to  grain ;  assuming  the  grain 
crops  on  the  ungypsed  land  at  100,  those  on  the  gypsed 
soil  were  192;  they  were  nearly  doubled. 

On  comparing  the  weight  of  the  herbaceous  portion  of  the 
sainfoin  to  that  of  the  seed  produced,  widely  different  relations 
are  apparent.  These  Mr.  Smith  attributed  to  the  different 
depths  of  the  v^etable  soil  in  different  parts  of  the  field.  In 
the  first  experiment,  where  the  relative  proportion  of  seed  is 
highest,  the  arable  soil  was  three  feet  in  thickness ;  the  other 
crops  were  taken  from  parts  where  the  depth  of  vegetable  mould 
was  considerably  less.  Thus  the  gypsed  soil  produced  at  the 
rate  per  acre : 

cwtt.  qn.      Ibt. 

In  the  first  experiment  of       5      0      22  the  depth  of  Boil  being  3  feet. 
In  the  second  experiment  of  3       1       15  •  •  • .      18  ipches. 

In  the  third  experiment  of      1       3       15  .  •  •  •       3  inches. 

With  this  interesting  fact  before  him,  Mr.  Smith  imagined 
that  soils  of  little  depth  wanted  some  principle  essential  to  firuc- 
tification,  which  gypsum,  in  spite  of  the  unquestionable  assistance 
it  gives,  is  yet  incompetent  to  supply.  This  principle  is  in  all 
probability  organic  matter,  which  is  naturally  more  abundant  in 
the  layer  of  true  vegetable  mould  which  is  deepest. 

Mr.  Smith's  observations  on  white  clover  were  quite  as  de- 
cisive in  favour  of  gypsum  as  those  on  sainfoin,  and  are  con- 
firmatory of  the  conclusions  of  the  generality  of  fiirmers  on  the 
subject.  The  gypsum  in  connexion  with  this  crop  was  applied 
in  the  dose  of  6  bushels  per  acre,  on  the  22nd  of  May,  a  date 
at  which  the  clover  looked  pale  and  seemed  to  want  sap.  A 
fortnight  afterwards,  the  effects  of  the  gypsum  were  obvious ; 
although  no  rain  had  fallen  m  the  interval,  the  clover  had  be- 
come vigorous,  and  soon  formed  a  covering  thick  enough  to 
protect  the  ground  from  the  scorching  rays  of  the  sun,  which 
burned  up  all  the  parts  that  had  not  been  gypsed. 


426 


GYPSUM. 


COiU'ABATIVB    GROWTHS    OF   WHITB  CLOVBB,  GYPSED   AND  UKGYPSED, 

BT    MB.    SMITH. 


BXPBRIICSNTt. 

Herb  or 

■ulk  per 

acre. 

Seed 
per  acre. 

Total  wdghl 
of  the  crop. 

Proportion 

of  herb  to 

■eed. 

A.  Gypsed  .... 

A.  Not  gypsed      .     . 

Difference    .     .     . 

B.  Grypsed   .... 
B.  Not  gypsed      .     . 

Ibi. 

2226 
839 

lbs. 

316 
56 

260 

174 
61 

lbs. 

2542 
895 

100:    14.3 
100:     6.7 

100:      7.6 
100 :      7.0 

1387 

2270 
500 

1647 

2444 
561 

Difference    .     .     . 

1770 

113 

1883 

The  mean  of  these  two  experiments  shows  that  the  crop  of 
white  clover  on  the  ungypsed  land  being  100,  that  on  the 
gypsed  is  225, — twice  and  a  quarter  more. 

The  experiments  of  M.  de  Vill^le  may  be  viewed  as  supple- 
mentary or  complementary  to  those  of  Mr.  Smith.  They  were 
performed  in  the  south  of  France,  in  accordance  with  the  routine 
that  is  generally  followed,  viz. :  dover-hay,  or  sainfoin,  previous 
to  grain,  upon  soils  of  considerably  different  nature,  and  with 
doses  of  gypsum  that  varied  from  8  to  3  on  the  same  extent  of 
surface.  His  conclusions  or  crops  are  stated  in  the  following 
table : 


KIND  OF 
■OIL. 


^1 
II 

IS 


Ught,  dry,  ex- 
poeed  to  the 
■oath,  0  to  9 
Inches  deep, 
■ad  on  chalk.. 

Stony    clayey,' 
molflt,    about 
10  Inches  deep 
on  a  stiir  clay. , 


1 
3 
8 


1 
3 


Crop. 


Sainfoin 
Sainfoin 
Sainfoin 


Clover 
Clorer 


Oypaum 
per  acre. 


cwta.  qrSi 

6  S 

3  3 

4  4 


4 
5 


0 
8 


Dry  crop  on 

the  gypsed 

grouad  per 

acre. 


cwta.  qrs.  Ib^. 
38       3       6 
83       3      27 
37       0        1 


40 
33 


8 
3 


19 
37 


Dry  crop  on 

meadow  not 

gypsed, 

per  acre. 


cwta.  qrs.  lbs. 

18       0  1 

16  1  18 

17  0  31 


20 
19 


1 
3 


23 
16 


Excess  of  the 
crop  gypsed 

orer  the 
crop  not  gyp- 
sed. 


cwta.  qrs.  lbs. 
10       2      15 
16        1      13 
19       8       8 


20 
13 


1      28 

0      U 


5  - 


9 

-a 

a-       ^ 


9.  d,  $.  d, 

17  7i  6  9 

27  114  0 

16  A   5  1 


83    10  8      2 
21      8 12      6 


1^ 


«.  d. 

10  10 

25  0 

n  2 


2      1 
14      3 


The  unquestionable  fact  of  a  mineral  salt  stimidating   the 
growth  of  certain  plants  in  so  remarkable  a  manner  as  to  double 
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and  even  to  triple  the  usual  quantities  grown  per  acre,  naturally 
aroused  the  curiosity  of  mankind  to  inquii*e  into  and  endeavour  to 
discover  the  cause.  Explanations  in  abundance  have  been  pro- 
posed ;  but  so  little  satisfactory  in  general,  that  1  do  not  think 
myself  bound  to  mention  them  all.  I  shall  limit  myself,  indeed, 
to  two  ;  one  proposed  by  Davy  some  time  ago,  and  one  advo- 
cated by  Liebig  very  latdy. 

Davy  assumes  that  the  plants  of  artificial  meadows  simply 
absorb  sulphate  of  lime.  He  assures  us  that  he  had  found  a 
large  proportion  of  this  salt  in  the  ashes  of  vegetables  grown  in 
soil  which  had  been  treated  with  turf  ashes  abounding  in  the 
substance.  He  believed  that  the  gypsum  entered  particularly 
into  the  constitution  of  the  woody  fibre.  And  it  is  not  unin- 
teresting to  observe,  that  the  plants  which  gypsum  certainly 
favours  in  the  h^hest  degree,  are  of  very  rapid  growth ;  and 
that  in  all  probability  they  would  find  it  difficult  to  obtain  the 
whole  of  the  sulphate  of  lime  they  require  fi*om  ordinary  or 
ungypsed  soils  within  the  period  of  their  growth.  Let  it 
not  be  forgotten,  however,  that  if  it  be  true  that  saline  substances 
are  indispensable  to  the  organization  of  plants,  it  is  also  true  that 
these  substances  can  only  be  absorbed  within  certain  limits ;  a 
salt  the  best  calculated  by  its  nature  to  aid  vegetation,  would 
become  injurious  by  its  excessive  proportion  did  the  water 
which  moistened  the  general  soil  contain  too  large  a  proportion 
of  it  in  solution  :  if  a  plant  languishes  when  it  has  not  enough 
of  one  or  other  of  its  natural  saline  constituents,  it  also  dies 
when  furnished  with  the  same  substance  in  excess. 

Let  us  now  remember  that  salts  can  only  act  on  vegetables  in 
the  state  of  solution,  and  we  shall  understand  how  those  only 
which  are  but  sparingly  soluble,  can  ever  be  advantageously 
employed  in  agriculture.  Water,  in  fact,  having  the  power  to 
dissolve  only  a  very  limited  quantity  of  the  mineral  manure, 
will  present  it  to  the  growing  pktnt  nearly  in  a  constant  quantity, 
so  long  as  the  soil  contains  any  ^  proportion  of  the  substance. 
It  is  in  this  way  precisely  that  gypsimi  appears  to  gain  its  su- 
periority over  the  generality  of  mineral  or  saline  manures ;  water 
does  not  take  up  more  than  ~nrth  part  of  its  weight  before  it 
becomes  saturated ;  a  certain  proportion  of  the  moisture  of  the 
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earth  being  dissipated  by  evaporation,  there  is  forthwith  a  pre- 
cipitation, of  sulphate  of  lime ;  but  the  moisture  that  remains 
is  nevertheless  charged  as  before,  neither  more  nor  less,  and 
in  the  fittest  state,  as  it  seems,  to  administer  to  the  wants  of 
the  growing  plant.  If  instead  of  sulphate  of  lime  we  suppose 
some  salt  that  is  much  more  soluble,  sulphate  of  soda  for 
example,  we  have  nothing  of  the  same  state  of  equilibrium 
between  the  quantity  of  moisture  and  its  charge  of  saline 
ingredients  maintained.  Supposing  the  moisture  of  the  ground 
to  hold  -:^th  of  sulphate  of  soda  in  solution,  and  this  quantity 
calculated  to  produce  good  effects  upon  growing  vegetables ; 
suppose  now  that  a  drought  sets  in,  which  by  dissipating  one 
half  of  the  moisture,  increases  the  charge  of  saline  matter 
to  -gfth.  of  its  bulk,  it  may  very  well  happen  that  this  propor- 
tion, instead  of  proving  beneficial,  will  be  felt  as  injiuious  to 
y^etation. 

The  hypothesis  of  Davy,  supported  by  these  ingenious  views 
of  M.  Chaptal,  would  therefore  lead  us  to  regard  gypsum  as 
behaving  to  plants  in  the  same  general  way  as  the  insoluble  salts 
which  usually  form  an  element  of  the  soil  or  of  manures,  the 
phosphate  and  carbonate  of  lime,  in  particular,  salts  which  are 
made  apt  to  enter  the  tissues  of  plants  by  the  carbonic  acid 
which  is  found  in  all  the  water  that  falls  from  the  clouds  and 
that  moistens  the  soil,  and  which  has  the  property  of  dissolving 
small  quantities  of  them.  But  whilst  the  strength  of  these 
solutions,  weak  at  all  times,  is  liable,  through  atmospherical 
vicissitudes  to  vary,  when  the  mere  traces  of  saUne  matter  which 
at  best  they  offer  at  any  time  are  inadequate  to  meet  the  de- 
mands of  a  crop  disposed  to  grow  rapidly  and  luxuriantly,  such 
as  clover,  sainfoin  and  lucem,  the  solution  of  sulphate  of  lime, 
of  the  same  strength  at  all  times  and  under  all  circiunstances, 
is  ready  to  supply  the  plants  with  the  mineral  substance  they 
require,  however  rapid  and  vigorous  their  growth. 

The  theory  of  the  action  of  gypsum  proposed  by  Professor 
Liebig  is  extremely  ingenious.  He  admits,  with  M.  de  Saus- 
sure,  the  presence  of  carbonate  of  ammonia  in  the  atmosphere, 
and  consequently  in  rain  water.  This  fact  established,  and  it 
appears  imdeniable,  the  influence  of  gypsum  would  consist  in  its 
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faculty  of  fixing  the  infinitely  small  quantity  of  carbonate  of 
ammonia  which  is  brought  down  by  the  rain  and  the  dew, 
and  so  preventing  its  dissipation  on  the  return  of  drought  and 
sunshine.  Carbonate  of  ammonia,  in  fact,  as  we  have  already 
seen,  when  speaking  of  manures,  in  contact  with  the  sulphate 
of  lime  decomposes  this  salt,  carbonate  of  lime  and  sulphate  of 
ammonia  being  formed.  I  shall  by  and  by  inquire  whether  the 
reaction  that  takes  place  is  of  the  precise  nature  of  that  here 
stated ;  but  admittmg,  for  the  present,  that  it  is,  it  would  stiU 
be  competent  for  us  to  ask  if  the  quantity  of  ammonia  condensed 
in  this  way  was  likely  to  suffice  for  the  production  of  such  de- 
cided effects  as  we  firequently  witness  in  connexion  with  the 
crops  that  are  assisted  by  gypsum. 

Professor  Liebig  observes  that  a  pound  of  sulphate  of  limo 
once  converted  into  sulphate  of  ammonia,  would  introduce 
into  the  soil  a  quantity  of  anmionia  equivalent  to  that  whidi 
would  be  afforded  it  by  6.250  lbs.  of  horse's  urine ;  a  showing 
upon  which  it  would  be  easy  to  demonstrate,  taking  the  compo- 
sition of  sainfoin  to  be  as  I  have  shown  it,  that  a  pound  of  plaster 
fertilizing  the  ground  to  this  extent,  would  be  adequate  to  in- 
crease one  hundred-fold  the  quantity  of  dry  fodder  produced. 

According  to  my  manner  of  viewing  this  question,  it  must  be 
examined  on  a  totally  different  basis.  It  is  certain,  for  instance, 
that  gypsum  has  no  effect  upon  natural  meadows ;  positive  ex- 
perience has  satisfied  me  of  the  absolute  inutility  of  the  substance 
here ;  so  that  upon  my  natural  meadows  at  Bechelbronn,  I  now 
never  employ  a  particle  of  it.  But  let  us  review  Professor 
Liebig's  theory  in  connexion  with  the  production  of  sainfoin  and 
clov^,  which  in  a  general  way  derive  an  advantage  from  gypsum, 
which  no  one  disputes. 

Our  harvest  of  clover,  taken  as  dry,  amounts  on  an  average 
from  strongly  gypsed  land,  to  2  tons  1  cwt.  very  nearly  per 
acre ;  and  this  quantity  agrees  pretty  well  with  that  which  ap- 
pears common  in  Germany.  It  is  generally  allowed  that  by 
gypsing  we  double  the  produce.  It  would  follow  from  this, 
that  an  acre  which  had  not  been  gypsed,  would  yidd  no  more 
than  20^  cwts.  of  dry  clover ;  in  my  opinion  the  reduction 
would  be  still  greater.     Dry  clover  hay,  made  from  the  plant 
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C5ut  when  in  flower,  contains  about  2  per  cent  of  azote.  The 
20^  cwts.  of  forage  gained  by  the  intervention  of  the  gypsum 
would  consequently  contain  llOlbs.  of  ammonia,  equivalent  to 
134.2lbs.  carbonate  of  ammonia.  This  consequently  is  the 
quantity  of  carbonate  of  ammonia  which  the  gypsum  ought  to 
have  been  the  means  of  procuring  from  the  rain  which  falls  upon 
an  acre  of  land  during  the  time  that  clover  is  upon  the  ground, 
in  order  to  furnish  the  azote  contained  in  the  increased  quantity 
of  the  crop. 

Now  in  Alsace,  from  the  time  of  gypsing  in  April,  to  the 
time  of  mowing  in  July,  there  falls  on  an  average  3.92,  nearly 
4  inches  of  rain,  which  would  amount  in  round  numbers  to 
982  tons  per  acre.  Were  the  azote  of  what  may  be  spoken  of 
as  the  surplus  produce,  derived  from  the  rain  in  fact,  all  the 
water  that  falls  ought  to  contain  .^  of  its  weight  of  carbonate 
of  ammonia.  It  is  very  questionable,  however,  whether  any  such 
proportion  of  ammomacal  salts  exist  in  rain-water ;  yet  the  pro- 
portion ought  to  be  very  much  greater,  inasmuch  as  we  have 
supposed  the  whole  of  the  rain  that  fell  to  penetrate  the  ground, 
none  of  it  to  run  off;  but  the  truth  is,  that  a  very  considerable 
proportion  of  the  rain  that  falls  never  sinks  into  the  soil ;  once 
the  surface  is  thoroughly  soaked,  much  that  falls  drains  off, 
passes  away  by  the  ditches,  and  is  lost  with  all  it  may  contain 
that  would  prove  beneficial  to  vegetation.  It  is  in  fact  alto- 
gether impossible  to  make  any  approximation,  even  of  the 
roughest  kind  in  regard  to  the  quantity  of  rain-water  that  soaks 
into  and  that  runs  off  the  ground  ;  and  thus  no  kind  of  estimate 
can  be  formed  of  the  relation  between  the  moisture  absorbed  by 
plants,  and  that  which  escapes  direct  by  the  evaporation,  without 
passing  through  them  at  all. 

But  even  in  admitting  that  it  was  really  the  ammonia  con- 
tained in  the  rain-water,  to  which  the  very  considerable  increase 
of  the  crop  of  clover,  lucem,  and  sainfoin  was  owing,  it  would 
still  be  left  for  us  to  explain  wherefore,  meteorological  and  other 
circumstances  remaining  the  same,  the  same  relative  effects  were 
not  produced  upon  natural  meadows  covered  with  grasses,  upon 
hoed  crops,  such  as  beet  and  turnips,  and  upon  wheat ;  finally, 
the  most  serious  objection  that  can  be  urged  against  this  theory 
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is  founded  upon  the  fact,  that  gypsum  has  no  truly  beneficial 
effect  upon  artificial  meadows,  save  and  except  when  the  soil  to 
which  it  is  applied  contains  an  adequate  proportion  of  azotised 
organic  manure.  In  a  moderately  manured  soil,  gypsum,  as  all 
the  world  knows,  produces  no  sensible  improvement ;  and  as 
M.  Crud,  one  of  those  men  whom  long  experience  has  placed 
at  the  head  of  practical  fiuming,  said :  It  is  to  throw  away  both 
money  and  trouble  to  put  g}rpsum  upon  an  unkindly  and  im- 
poverished bottom.  It  would  seem,  however,  that  if  gypsum 
really  fixes  ammonia  in  the  soil,  in  consequence  of  its  action 
upon  the  rain-water  that  falls,  converting  its  carbonate  into  sul- 
phate of  ammonia,  the  ammoniacal  salt  once  introduced  into 
the  soil,  ought  to  act  independently  and  without  the  concur- 
rence of  another  manure.  That  it  really  does  act  isolatedly,  and 
of  its  own  proper  force  when  it  exists,  has  been  proved  by  the 
experiments  of  M.  Schattenmann,  who  demonstrated  on  the 
large  scale  the  beneficial  effects  of  the  sulphate  of  ammonia 
directly  applied  to  natural  meadows.  It  is  obvious,  that  if  the 
theory  which  I  discuss  be  true,  the  greater  number  of  practical 
observations  which  I  have  quoted  must  necessarily  be  false ;  or 
on  the  contrary,  these  observations  being  accurate,  the  theory 
must  be  erroneous. 

I  have  given  reasons  for  maintaining  the  accuracy  of  the  prac- 
tical results ;  nevertheless,  the  better  to  establish  this  conviction, 
I  have  thought  it  advisable  to  add  a  few  facts  to  the  many  that 
are  already  extant.  I  was,  therefore,  induced  to  undertake  a 
series  of  experiments  with  a  view  to  study,  independently  of  all 
hypothetical  idea,  the  action  of  gypsum  upon  certain  hoed  crops 
and  cereals. 

These  experiments  were  made  upon  patches  of  land  of  440 
square  yards  each.  Every  precaution  was  taken  to  render  the 
experiments  strictly  comparable  one  with  another.  Thus  the 
ground  appropriated  to  each  particular  crop  was  divided  into 
three  equal  contiguous  zones.  The  first  zone,  A,  always  received 
gypsum  in  the  ratio  of  4  J  bushels  per  acre.  The  second  zone, 
B,  and  the  third  zone,  C,  were  not  gypsed.  Each  zone  was 
sowed  with  the  same  quantity  of  seed,  or  planted  with  an  equal 
number  of  beet  plants  or  potatoes.     A  and  C  were  the  surfaces 
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which  I  proposed  to  myself  to  contrast ;  the  intermediate  zone, 
B,  was  a  kind  of  neutral  ground  employed  merely  to  prevent 
the  immediate  contact  of  the  gypsed  with  the  ungypsed 
zone.  I  may  here  remark,  that  it  would  be  well  always  to  take 
such  a  precaution  in  making  experiments  on  the  effects  of  diffe- 
rent manures. 

In  1842  1  tried  the  effect  of  gypsum  upon  wheat  coming 
after  three  different  crops.  1st.  After  clover  ploughed  in.  2nd. 
After  beet-root.     3rd.  After  potatoes. 

The  gypsum  was  applied  the  1 9th  of  May,  at  which  time  the 
wheat  looked  extremely  well  The  crop  was  cut  between  the 
2l8t  and  26th  of  July,  and  the  following  are  the  results  ob- 
tained: 


Crops. 

Wdght  of  grain,  com,  and  straw. 
A.  piece  gypied.   B.  not  gypsed.  C.  not  gypsed. 

Wheat  after  clover 

.     3191bs.         3231bs.         3271bs. 

Wheat  after  mangel  wurzel 

.     195  „           176  M           158  „ 

Wheat  aft;er  potatoes 

.     235  „           158  „           264  „ 

Average  of  the  three  experiments      .    250  „  248  ,,  250 
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The  year  1842  having  been  unfavourable  to  wheat  in  conse- 
quence of  the  long  drought,  the  experiment  required  to  be  re- 
peated. This  was  done  in  1843;  and  it  must  be  allowed, 
that  an  experiment  could  scarcely  be  conducted  under  circum- 
stances of  weather  more  favourable  to  the  cultivation  of  grain ; 
the  results  here  are  given  for  equal  spaces  of  three  French 
acres,  equal  to  385  square  yards.  The  gypsed  zones  had 
been  treated  with  70lbs.  of  sulphate  of  lime  each : 


Ye«rl84aw 

Shearct. 
lbs. 

Oratn. 
lbs. 

Straw,  chaff,  and  waste 
lbs. 

Rye  with  gypsum 
Rye  without     . 

516 
472 

137 
127 

379 

345 

Wheat  with  gypsum . 
Wheat  without 
Wheat  without 

462 
510 
453 

147 
156 
143 

315 
254 
310 

Oats  with  gypsum    . 
Oats  without    . 

329 
368 

112 
113 

217 
255 
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From  these  numbers  it  is  obvious  that  gypsum  produces  no 
appreciable  effect  upon  wheat,  oats,  and  rye,  conclusions  that 
agree  with  those  come  to  in  the  previous  year. 

EXPBRIMBNT   WITH    FIBLD-BBBT  OB  MANOBL-WUEZBL,  OPBlflNO   THE    EOTA- 

TION   WITH    MANUEBJ)    SOIL,    1842. 

The  plants  were  transplanted  and  watered,  and  the  gypsum 
was  applied  at  the  time  of  earthing  up  ;  a  good  deal  of  rain  fell, 
and  shortly  after  having  been  laid  on,  the  gypsum  had  become 
incorporated  with  the  ground.  The  crop  was  gathered  on  the 
8  th  of  October,  three  months  after  the  gypsing,  and  from  two 
equal  surfaces,  each  of  242  square  yards  in  extent,  weighed  as 
follows : 

From  the  g3rpsed  ground   .         .13  cwt.  2  qrs.  6  lbs. 
From  the  ung3rp8ed   .         .         .     12     „     2    ,,     3   „ 


The  gypsum  would  therefore  appear  to  have  had  no  beneficial 
effect ;  for  the  difference  in  favour  of  the  gypsed  piece  is  so 
trifling,  that  it  cannot  be  reasonably  ascribed  to  the  mineral  ma- 
nure: in  fact,  the  quantity  obtained  from  the  gypsed  surface 
does  not  exceed  that  which  we  constantly  take  from  fields  in  the 
ordinary  course  of  cultivation,  and  which  have  received  no 
gypsum. 

The  action  of  gypsum,  limited  as  it  is  to  certain  crops,  will 
not  allow  us  to  admit  that  it  produces  its  effect  by  fixing  in  the 
ground  the  carbonate  of  ammonia  contained  in  rain-water ;  were 
it  connected  with  any  fixation  of  ammonia,  it  would  be  mani« 
fested  generally,  and  not  in  particular  instances  only.  Davy's 
theory  therefore  appears  the  more  plausible,  and  requires  discus- 
sion. Did  the  ashes  of  the  clover  grown  in  gypsed  soils  ac- 
tually contain  a  large  proportion  of  sulphate  of  lime,  as  affirmed 
by  the  illustrious  English  chemist,  the  action  of  gypsum  would 
be  readily  understood.  The  whole  question,  therefore,  seems  to 
turn  upon  the  composition  of  the  ashes. 

I  have  analysed  the  ashes  of  clover  grown  at  Beehelbronn, 
without  and  with  the  concurrence  of  gypsum.  I  shall  here  give 
the  conclusions  come  to  in  1 84 1 ,  a  year  remarkable  for  the  heavy 
crops  of  clover,  and  those  also  for  the  year  1842,  when  the  dovw 
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crop  was  but  indiflferent.  The  first  table  contains  the  results 
in  the  order  in  which  they  were  registered ;  the  second  contains 
those  obtained  after  the  deduction  of  the  carbonic  acid  and  car- 
bon which  had  remained  in  the  ashes  examined : 


Carbon  and  carbonic  acid 
Included. 

Extraordinary  Crop  of  1841. 

Unfoyourable  Crop  of  1842. 

Ashes  of  Clover. 

Ashes  of  Clorer. 

Ungypsed. 

1 

Oypsed. 

r 

Ungypsed. 

Gypsed. 

Carbonic  acid    •     . 
Chlorine  .... 
Phosphoric  add 
Sulphuric  acid  .     . 

Lime 

Magnesia      .     .     . 
Oxide  of  iron,  man- 
ganese ;  alumina 
Potash     .... 

Soda 

Silica      •     .     .     • 
Loss  and  charcoal . 

14.2 
3.4 
8.0 
3.2 

23.7 
6.3 

1.0 
19.6 

1.0 
16.8 

2.8 

22.1 

2.9 
6.9 
2.6 
22.4 
5.1 

0.6 
27.8 
0.7 
7.9 
1.0 

21.5 
2.5 
5.4 
2.4 

25.4 
5.6 

0.5 
22.5 

2.2 
10.0 

2.0 

26.8 
2.2 
5.8 
2.3 

26.7 
7.4 

traces. 

25.3 

0.2 

2.7 

0.6 

100.0 

100.0 

100.0 

100.0 

Carbonic  Add  and  Loaa  deducted : 

Chlorine  .... 
Phosphoric  acid 
Sulphuric  acid  .     . 

Lime 

Magne^a     .     .     . 
Oxide  of  iron,  man- 
ganese ;  alumina 
Potash     .... 

Soda 

Silica       .... 

4.1 
9.7 
3.9 
28.5 
7.6 

1.2 
23.6 

1.2 
20.2 

3.8 
9.0 
3.4 
29.4 
6.7 

1.0 
35.4 

0.9 
10.4 

3.3 
7.1 
3.1 
33.2 
7.3 

0.6 
29.4 

2.9 
13.1 

3.0 

8.2 

3.2 

36.7 

10.2 

traces. 
34.7 
0.3 
3.7 

100.0 

100.0 

100.0 

100.0 

The  analyses  here  do  not  indicate  the  modes  in  which  the 
various  substances  found  were  combined  in  the  ashes ;  but  sup- 
posing that  the  whole  of  the  sulphuric  acid  existed  in  combina- 
tion with  lime,  which  it  most  probably  did,  the  preceding  results 
would  meet  us  in  the  following  shape :  the  ashes  of  the  clover 
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grown  upon  so3  without  gypsum  contain  6.0  per  cent  of  sul- 
phate of  lime ;  those  of  clover  grown  upon  a  soil  with  gypsum, 
6.7  per  cent. 

As  it  is  impossible  to  answer  for  so  small  a  difference  as 
3  IS  parts  in  researches  i^  this  kind,  we  must  presume  that  the 
two  ashes  contained  the  same  proportions  of  sulphate  of  lime. 

Here,  however,  as  in  all  other  agricultural  questions,  Isolated 
analyses  throw  but  httle  light  on  the  subject  of  inquiry.  In 
order  that  they  may  enable  xm  to  arrive  at  any  d^nite  con- 
clusion, two  new  elements  must  be  taken  into  the  discusaon  : 
1st.  The  proportion  of  ash  furnished  by  a  ^ven  weight  of  the 
forage  gathered;  2nd.  The  quantity  of  forage  yielded  by  a 
^ven  surface  before  and  after  the  use  of  gypsum. 

I  have  taken  from  my  own  observations  the  quantity  of  dry 
forage  yitJded  by  the  two  cuttings  of  2nd  year's  clover  after 
gypsum,  as  amounting  to  4 1  cwt.  per  acre.  The  same  surfitce 
ID  the  1st  year,  and  before  the  use  of  gypsum,  would  have  pro- 
duced but  9  cwt.     100  of  dry  clover  gave: 


Clover  ungypsed 

Idem 
Clover  gypsed   . 

Idem 


Fmi. 

1841 
1842 
1841 
1842 


12.0 
11.2 


tc  uM     PtracR. 
3  103  IbB. 
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It  is  therefore  obvious,  that  in  the  course  of  the  three  months 
which  followed  the  application  of  the  gypsum,  the  soil  must  have 
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supplied  the  plant  with  very  considerable  quantities  of  mineral 
substance ;  the  crops  taken  from  the  gypsed  soils  contained 
in  fact  two  or  even  three  times  the  quantity  of  these  substances 
which  those  grown  previously  to  the  gypsing  contained.  Repre- 
senting, for  example,  by  unity  the  quantity  of  the  several  bases  and 
acids  of  the  crop  grown  without  gypsum,  we  should  have  the 
quantities  of  the  same  principles  contained  in  the  crops  produced 
upon  the  gypsed  soils  represented  by  the  following  numbers  : 


Chlorine. 

PhMphoric 
add. 

Snlphuric 
acid. 

Lime. 

Magnesia  and 
meUllic  oxide. 

Potash  and 
soda. 

Silica. 

1841 

2.2 

2.2 

2.1 

2.5 

2.1 

3.5 

1.0 

1842 

2.8 

3.3 

3.1 

3.1 

3.7 

3.2 

1.0 

Silica  appears  to  form  the  only  exception  here,  which  would  lead 
us  to  conclude  that  this  earth  was  only  absorbed  by  clover  in  the 
first  period  of  its  growth.  Potash  and  lime  are  the  bases  which 
enter  in  largest  proportion  into  the  mineral  constitution  of  clover ; 
and  there  is  another  fact  made  evident  which  deserves  particularly 
to  fix  attention :  it  is  that  the  lime  assimilated  subsequently  to 
the  gypsing,  bears  no  kind  of  relation  to  the  quantity  of  sulphuric 
acid  fixed  during  the  same  space  of  time.  The  excess  of  acid 
and  of  lime  obtained  froui  the  ash  of  the  gypsed  clover  over  that 
of  the  ungypsed,  is  for : 

1841,  Sulphuric  acid     4.8         Lime     47.2 

1842.  .,  6.0  ..        70.6 

Supposing  fiirther,  that  the  sulphuric  acid  assimilated  subse- 
quently to  the  gypsing  was  taken  up  in  the  state  of  sulphate  of 
lime,  we  find  that  : 

In  1841  the  g3rpsed  crop  absorbed  18  lbs.  of  this  salt. 
In  1842  ..  22  lbs. 


»»  *•*•  ***«•         »i 


These  quantities  are  so  small  as  to  lead  us  to  suppose  that  the 
utility  of  gypsing  consists  in  furnishing  the  plant  with  the  large 
proportion  jof  lime  which  it  seems  to  require.  Gypsing  would 
then  be  equivalent  to  the  application  of  lime ;  and  in  fact,  ac- 
cording to  Schwertz,  Paris  plaster  is  replaced  in  Flanders  by 
slacked  lime,  by  the  lye-washed  ashes  of  wood,  and  by  peat-ash, 
with  decided  advantage.*  Some  peat-ash  contains  sulphate  of 
lime,  others  none  at  all.  What  is  employed  successfully,  most 
likely  presents  sulphuric  acid  in  the  state  of  an  alkaline  sulphate. 
*  Schwertz,  Culture  des  Plantes  fourragh'es,p.72. 
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Wood-ash,  which  is  certainly  the  best  manure  for  artifidal 
meadows,  may  contain  upon  an  average  one  per  cent  of  sul- 
phuric acid,  and  when  lye-washed,  the  proportion  ought  to 
be  much  less ;  if  perfectly  washed,  it  ought  to  be  null ;  at  aU 
events,  there  is  no  sulphate  of  lime  present  to  fix  the  ammonia 
of  the  rain  water.  Independently  of  earthy  phosphates,  so 
useful  to  all  plants,  lye-washed  ashes  frequently  yield  more  than 
80  per  cent  of  chalk.  We  thus  perceive  in  a  general  way,  that 
the  manures  which  stimulate  the  vegetation  of  clover,  are 
always  calcareous,  the  lime  being  either  in  the  state  of  sulphate 
or  carbonate,  which  exists  abundantly  in  the  crops,  combined 
with  organic  acids  and  freed  consequently  of  nearly  the  whole 
of  the  inorganic  add  with  which  it  was  originally  associated. 
Assuming  that  gypsum  acts  like  chalk,  it  may  be  conceived  that 
when  the  former  is  incorporated  with  the  indispensable  manure, 
it  is  decomposed,  and  carbonate  of  lime,  in  a  state  of  minute 
division,  and  for  that  reason  easily  absorbed,  is  the  result.  It 
is  only  upon  this  supposition  that  I  can  imderstand  the  elimina- 
tion of  the  sulphiuic  acid  of  the  gypsum  ;  for  if  the  lime  really 
entered  the  vegetable  in  the  state  of  sulphate,  the  ashes  ought 
to  be  much  richer  in  that  acid  than  analysis  shows.  This  same 
difficulty  occurs  in  the  hypothesis  of  Liebig.  If  the  56  lbs.  of 
ammonia  derived  firom  the  atmosphere  penetrated  the  plant  in 
the  form  of  sulphate,  there  must  enter  at  the  same  time  1 30  lbs. 
of  sulphuric  acid,  and  which  ought  to  be  recovered  in  the  ashes 
of  the  crop  from  one  acre.  Now,  the  ashes  of  41  cwts.  of  gyp- 
sed  clover,  abstracting  the  carbonic  acid,  weigh  2  cwts.  8  lbs. 
containing  in  the  100,  3^  of  sulphuric  acid.  But  the  amount  of 
ash,  were  the  acid  of  the  ammoniacal  sulphate  fixed  in  the  crop, 
would  rise  to  3  cwt.  1  qr.  20  lbs.,  and  the  ash  would  then  con- 
tain 70  per  cent  of  sulphiuic  acid. 

Before  promulgating  this  last  objection  against  received 
theories,  I  thought  it  right  to  ascertain  whether  the  ashes  con- 
tain in  the  state  of  sulphate,  the  whole  of  the  sulphur  pre- 
existing in  the  incinerated  plant.  For  it  was  not  impossible 
that  at  the  high  temperature  employed,  the  silica  might  re-act 
upon  the  sulphates  so  as  to  expel  a  portion  of  the  sulphuric 
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add.  However  improbable  this  expulsion,  owing  to  the  great 
excess  of  potash  always  present  in  clover  ash,  it  seemed  expe- 
dient to  determine  the  fact. 

After  having  made  out  as  exactly  as  possible  the  quantity  of 
ash  left  by  the  hay,  and  also  the  sulphuric  acid,  I  took  a  cer- 
tain weight  of  the  same  hay,  burned  it  in  a  platuia  crucible  along 
with  a  mixture  of  chlorate  and  carbonate  of  potash,  and  then 
sought  for  the  sulphuric  acid  in  the  product  of  the  ignition. 

1 000  parts  of  the  plant  furnished  directly  3  of  sulphuric  acid, 
and  by  analysis  of  the  ash,  2.8. 

Thus,  the  alkaline  ashes  retain  all  the  sulphur  pre-existing 
in  the  plant  which  produced  them. 

I  have  laid  stress  upon  the  small  proportion  of  sulphuric  acid 
in  a  crop  of  clover,  because  there  yet  remains  for  consideration 
a  third  theory  of  gypsing,  which  I  have  helped  to  propagate, 
although  doubtful  concerning  the  author.  This  is  founded  upon 
the  assumption  that  the  proportion  of  sulphur  is  much  greater 
in  the  leguminous  than  in  the  cereal  tribe.  Now,  as  gypsum  is 
generally  adapted  to  the  manurement  of  leguminous  plants,  the 
origin  of  the  sulphur  has  been  ascribed  to  sulphate  of  lime 
incorporated  with  the  soil.  This  view  appeared  the  more 
plausible  to  M.  Dumas  and  myself,  inasmuch  as  in  accordance 
with  it,  plants  operated  as  reducing  agents.  It  is,  besides,  very 
probable  that  sulphur  as  an  immediate  constituent  principle 
of  vegetables,  is  derived  from  sulphates ;  but  do  leguminous 
plants  really  contain  more  than  the  cereals  ?  This  seems  doubt- 
ful, since  careful  investigation  of  the  azotised  principles  of  plants 
has  shown  gluten,  caseine  and  legumine  to  be  nearly  identical 
in  composition.  I  moreover  find  upon  analysis  of  the  ashes,  that 
clover,  haricots,  and  beans,  do  not  sensibly  contain  more  sulphur 
than-  rye,  wheat,  oats,  and  potatoes.  There  appears  to  be  no 
doubt,  therefore,  that  the  sulphur  required  by  plants  is  supplied 
abundantly  by  the  soil  enriched  with  ordinary  manure,  as  happens 
in  the  culture  of  the  cereals,  roots  and  tubers. 

In  a  word,  it  may  be  presumed  that  Paris-plaster  acts  usefully 
on  artificial  meadows  by  introducing  lime  into  the  soil.  This  is 
consistent  both  with  the  analysis  of  the  ashes  of  the  crops  pro- 
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duoed  and  of  the  soil ;  for  according  to  the  researdies  of  M. 
Rigaud  de  Tlsle,  gypsum  operates  only  upon  soils  which  do  not 
contain  a  sufficient  dose  of  lime  in  the  state  of  carbonate** 

OF  AMMONIACAL   SALTS. 

The  last  products  of  the  putre&ction  of  azotised  matters  being 
ammoniacal  combinations,  it  necessarily  follows  that  salts  having 
ammonia  for  their  base,  must  act  usefully  in  v^etation.  This 
is  confirmed  by  the  employment  of  guano,  and  by  experiments 
in  which  ammoniacal  compounds  have  been  directly  applied  as 
manure.  I  have  already  pointed  attention  to  the  observations 
of  Davy  relative  to  the  favourable  effect  of  carbonate  of  ammo- 
nia upon  the  development  of  plants,  and  shall  now  detail  some 
recent  trials  made  by  M.  Schattenmann  mth  the  sulphate  and 
muriate  of  the  same  base. 

These  salts  were  introduced  into  the  soil  as  a  solution  mark- 
ing one  degree  of  Beaum^'s  areometer,  and  in  the  dose  of 
102  bushels  per  acre.  In  1843,  the  effects  produced  upon 
wheat  by  muriate  and  sulphate  of  ammonia  were  most  distinct ; 
as  was  also  the  case  with  natural  meadows,  which  yielded  under 
the  influence  of  this  liquid  manure  82  cwts.  of  hay  per  acre, 
precisely  double  the  crop  afforded  by  the  same  meadow  land 
without  the  salts  of  ammonia ;  but  another  important  &ct,  and 
which  M.  Schattenmann  annoimces  with  confidence  as  having 
been  proved  by  repeated  trials,  is  this ;  that  solution  of  sulphate 
of  ammonia  employed  in  the  same  dose,  and  at  the  same  degree 
of  concentration,  causes  no  appreciable  melioration  upon  trefoil 
and  lucerne.  The  result  of  a  solution  of  sal-ammoniac  was 
equally  negative. 

These  observations  agree  in  certain  points  with  those  formerly 
made  by  Rigaud  de  Flsle,  and  more  lately  by  M.  Lecoq.  But 
they  are  in  direct  opposition  with  the  experiments  of  several 
physiologists  who  have  studied  the  action  of  ammoniacal  salts 
presented  separately  to  vegetables,  a  circumstance  very  different 
from  that  wherein  ammoniacal  solutions  are  incorporated  with 
arable  land.     Thus,  M.  Bouchardatf   has   stated   that  young 

'*'  M^moires  de  la  Soci^t^  d' Agriculture,  ann^  1844. 

t  Bouchardat,  Comptes  rendua  de  rAcad^mie  des  Sciences,  torn.  xvi. 
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phnts  oimentha  aquatica  and  sylvestris^  2iT\d  o{  mimosa  pudica 
die  very  soon,  when  made  to  vegetate  with  the  roots  plunged  in 
very  weak  solutions  of  muriate,  nitrate,  and  sulphate  of  ammonia. 
In  oflfering,  some  years  back,  divers  considerations  upon  guano, 
I  promulgated  the  opinion  that  ammoniacal  salts,  in  order  to 
serve  as  azotised  manure,  must  always  contain  organic  acids 
or  carbonic  acid.  Perhaps  the  term  useful  salt  may  be  now 
restricted  to  the  carbonate  alone.  At  least,  having  watered 
young  plants  of  trefoil,  grown  in  silicious  sand,  with  solution  of 
oxalate  of  ammonia  at  ^th,  I  observed  them  die  after  the  lapse 
of  eight  or  ten  days.  Plants  of  the  same  size,  sown  under  like 
conditions,  but  irrigated  with  distilled  water,  continued  to  grow, 
and  flowered. 

In  treating  of  gypsing,  I  have  assigned  my  reasons  against 
admitting  that  the  azote  fixed  during  the  culture  of  trefoil,  pro- 
ceeds from  the  sulphate  or  muriate  of  ammonia  naturally  ab- 
sorbed. I  again  assert,  that  it  is  materially  impossible  that 
ammoniacal  salts  combined  with  inorganic  acids,  other  than  the 
carbonic,  can  be  useful  as  manure  to  plants,  when  administered 
separately ;  they  can  only  become  advantageous  when  their 
composition  has  undergone  modification. 

Two  cwt.  (220  lbs.)  of  wheat-sheaves,  (straw  and  grain),  con- 
tain upon  an  average  2  lbs.  1  oz.  14  d wts.  of  azote,  and  leave 
after  ignition,  1 1  lbs.  3  oz.  16  dwts.  of  ash,  into  which  enter 
1  oz.  7  dwts.  of  sulphuric  acid,  and  1 4  dwts.  of  chlorine. 

In  the  ammoniacal  salts : 

100  of  azote  corresponds  to  283  of  sulphuric  acid^ 

257  of  chlorine. 


99  >» 


Let  us  now  consider  sulphate  of  ammonia,  which  according 
to  the  experiments  of  M.  Schattenmann,  supplied  an  excellent 
manure  for  wheat.  If  the  2  lbs.  1  oz.  14  dwts.  of  azote  con- 
tained in  the  2  cwt.  of  sheaves  be  derived  from  the  sulphate 
absorbed  by  the  cereal,  the  sulphuric  acid  of  the  sulphate  ought 
to  be  recovered  in  its  ashes  ;  and  according  to  the  above 
standard,  these  ashes  ought  to  contain  6  lbs.  1 6  dwts.  of  sul- 
phuric acid.     They  afforded  by  analysis  only  1  oz.  7  dwts. 

Applying  the  same  reasoning  to  muriate  of  ammonia,  we 
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find,  supposing  the  azote  of  the  2  cwt  of  sheaves  to  emanate 
from  this  salt,  that  the  ashes  should  contain  5  lbs.  6  oz.  2  dwts. 
of  chlorine ;  whereas  they  really  contain  but  1 4  dwts. 

Without  doubt,  the  nitrogenous  prindples  of  the  cereal  can- 
not be  referred  solely  to  the  ammoniacal  salts  in  the  trials  of 
M.  Schattenmann ;  the  manure  given  to  the  soil,  and  the  at- 
mosphere must  have  contributed  a  share.  The  appreciation  of  the 
value  of  ammoniacal  salts  becomes  more  precise  when  the  results 
obtained  on  meadow  land  are  estimated.  There  the  produce 
was  doubled,  and  of  every  2  cwt.  of  hay  gathered,  1  cwt.  may  be 
ascribed  to  the  action  of  the  salt. 

Two  cwt.  of  hay,  containing  4  lbs.  1 6  dwts.  of  azote,  leave 
1 6  lbs-  2  oz.  of  ash. 

If  the  half  (2  lbs.  8  dwts.)  of  the  azote  of  the  fodder  comes 
from  the  ammoniacal  salts,  the  ashes  will  contain : 

lbs*       OS.     dwts. 

5       8      4    of  sulphuric  acid,  if  the  sulphate  has  heen  used. 
5       2      0  „  »>    if  the  muriate  has  been  used. 

Now,  the  ashes  of  the  hay  yielded  by  analysis : 

OS.      dwts. 

5      9     of  sulphuric  acid. 
5       4    of  chlorine. 

It  is  then  very  probable  that  if  the  ammoniacal  salts  afford  azote 
to  the  plants,  they  enter  not  as  muriate,  sulphate,  or  phosphate, 
because  there  is  no  reason  to  believe  that  acids  united  with  an 
alkali  are  eliminated  almost  in  totality  during  the  act  of  vegetation. 
It  necessarily  follows,  that  the  ammonia  of  these  salts,  in  order  to 
yield  to  vegetables  its  constituent  azote,  must  reach  their  organs 
in  the  form  of  carbonate,  inasmuch  as  that  is  the  sole  ammo- 
niacal salt  which  seems  to  exercise  a  direct  and  favourable  agency. 

However,  if  such  be  the  case,  how  comes  it  to  pass,  that  am- 
moniacal salts  as  the  muriate,  phosphate,  and  sulphate,  are  con- 
verted into  carbonate  when  once  incorporated  in  the  soil  ?  Good 
arable  land  almost  always  contains,  it  is  true,  carbonate  of  lime ; 
but  there  is  no  ground  for  admitting  an  acid  interchange  be- 
twixt the  calcareous  and  ammoniacal  salts.     We  know,  on  the 
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contrary,  that  carbonate  of  ammonia  re-acts  instantaneously  upon 
muriate  and  sulphate  of  lime,  the  products  of  this  re-action 
being  on  the  one  hand  muriate  and  sulphate  of  ammonia,  on  the 
other,  carbonate  of  lime.  The  gypsum  theory  of  Liebig  is  based 
upon  the  &ct  of  this  double  decomposition,  whereby  the  ammo- 
niacal  carbonate  of  rain  water  is  fixed  in  the  state  of  sulphate 
at  the  cost  of  the  sulphate  of  lime  put  on  the  ground  as  manure. 

This  reaction  of  sulphate  of  lime  upon  carbonate  of  ammo- 
nia is  incontestible  as  a  laboratory  experiment;  but  in  well 
tilled  grounds  containing  just  the  proper  quantity  of  moisture, 
the  reaction  takes  place  in  the  inverse  sense.  The  carbonate  of 
lime  reacts  upon  the  sulphate  of  ammonia,  and  there  result 
carbonate  of  ammonia  and  sulphate  of  lime. 

This  fact,  however  singular  at  first  sight,  is  explained  upon 
principles  established  by  Berthollet  in  his  chemical  statics : 

When  two  saline  solutions  are  mixed  together,  and  from 
the  mixture  an  insoluble  salt  results,  the  insoluble  com- 
pound is  formed  and  precipitated.  This  is  what  happens  on 
pouring  a  solution  of  carbonate  of  ammonia  into  one  of  sul- 
phate of  lime.  But,  if  instead  of  bringing  the  two  salts  to- 
gether dissolved,  they  are  mixed  in  a  pulverulent  state,  and  just 
sufficient  water  is  added  to  promote  the  reaction  without  dis- 
solving the  products,  a  volatile  compound  forms  and  is  evolved, 
namely  carbonate  of  ammonia. 

The  experimental  proof  is  easy,  and  not  without  interest  If 
chalk  previously  washed  be  intimately  mixed  with  crystallized 
sulphate  of  ammonia,  no  change  ensues,  provided  the  powders 
are  very  dry.  Let  moist  sand  be  introduced  so  as  to  impart  to 
the  mixture  the  consistence  of  light  arable  land  of  the  usual  hu- 
midity ;  at  the  very  instant  vapours  of  carbonate  of  ammonia, 
cognizable  by  their  action  on  vegetable  colours  and  their  odour, 
are  developed.  When  water  is  added  in  excess,  the  disengage- 
ment of  ammoniacal  vapour  immediately  ceases.  The  carbonate  of 
ammonia  not  yet  volatilized,  dissolves  and  acts  upon  the  ready 
formed  gypsum  so  as  to  constitute  sulphate  of  ammonia  and 
carbonate  of  lime.  The  ordinary  reaction  is  restored.  Fi- 
naUy,  this  watery  mixture  being  exposed  to  the  air,  furnishes 
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anew  ammoniacal  vapours  in  proportion  as  the  water  vaporizes, 
and  the  volatile  salt  is  progressively  evolved  until  the  mass  is 
quite  dry.  In  maintaining  a  similar  mixture  in  a  fit  and  con- 
stant state  of  moisture  we  may  in  two  or  three  days,  under  the 
influence  of  a  temperature  of  firom  68^  to  80^  F.,  dissipate  the 
greater  portion  of  the  ammonia  of  the  sulphate,  and  obtain  a 
quantity  of  sulphate  of  lime  indicating  the  progress  of  the  re- 
action. 

It  IS  almost  needless  to  remark  that  sulphate  of  lime,  placed 
in  a  condition  of  moisture  analogous  to  that  of  the  chalk,  un- 
dergoes no  alteration  from  the  carbonate  of  ammonia.  Thus, 
in  the  ordinary  circumstances  of  humidity  of  cultivated  land,  it 
is  at  least  doubtful  whether  the  plaster  diffused  through  it  de- 
finitively retains  the  ammonia  of  the  rain  water  in  the  state  of 
sulphate. 

To  estimate  the  sulphate  of  lime  produced  by  the  reaction  be- 
tween the  sulphate  of  ammonia  and  carbonate  of  lime,  the 
mixture  after  having  been  entirely  dried  in  the  air  is  to  be 
treated  with  cold  water.  The  lime  of  the  sulphate  dissolved  is 
next  thrown  down  by  oxalate  of  ammonia,  and  computed  in  the 
state  of  carbonate. 

In  order  to  ascertain  the  presence  of  sulphate  of  ammonia 
the  mixture  is  to  be  digested  in  dilute  alcohol,  which  dissolves 
this  salt  without  taking  up  sulphate  of  lime. 

Muriate,  phosphate  and  oxalate  of  ammonia  comport  them- 
selves as  the  sulphate.  Carbonate  of  lime  decomposes  them 
under  the  same  circumstances,  giving  rise  to  equivalent  pro- 
ducts.* 

*  1.  15.4  grains  of  crystallized  sulphate  of  ammonia  incorporated  with 
five  or  six  times  its  weight  of  chalk,  gave  after  two  days'  exposure  of  the 
moist  mixture  in  the  open  air,  12.3  grs.  of  sulphate  of  Hme.  In  another 
experiment  16.0  grs.  of  sulphate  of  ammonia  were  obtained  from  13.1  grs. 
of  calcareous  sulphate.  Now  according  to  the  proportions  of  ammoniacal 
salt  there  ought  to  have  heen  obtained  13  grs.  and  14  grs.  of  sulphate  of 
lime.  Thus  about  i^aths  of  the  ammonia  contained  in  the  sulphate  sub- 
mitted to  experiment  had  been  converted  into  carbonate. 

2.  16.9  grs.  of  sulphate  of  ammonia  were  mixed  with  123.2  grs.  of 
chalk,  and  from  924  to  1071  grs.  of  silicious  sand.     Ulie  mixture  was  kept 
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The  preceding  facts  may  perhaps  tend  to  reconcile  the  con- 
tradictory results  obtained  in  the  application  of  ammoniacal  salts 
as  manure.  When  muriate,  phosphate  or  sulphate  of  ammonia 
is  presented  to  plants,  these  salts  produce  no  useful  effect ;  they 
are  absorbed  in  limited  quantity,  like  the  majority  of  soluble 
substances.  But  if  instead  of  administering  them  separately 
dissolved  in  water,  as  was  done  in  the  physiological  experiments, 
they  are  incorporated  with  a  loose  and  humid  soil,  these  salts 
react  upon  the  calcareous  matter  almost  always  existing  in  the 
ground,  and  are  transformed  into  carbonate  of  ammonia,  which 
exerts  undeniably  a  favourable  influence  upon  vegetation.  From 
these  facts  it  may  be  presumed  that  the  introduction  of  lime,  and 
marl,  is  not  merely  to  supply  the  defective  calcareous  element, 
but  likewise  a  principle,  carbonate  of  lime,  which  produces  a 
particular  action  upon  the  manure,  changing,  through  double 
decomposition  the  unassimiiable  ammoniacal  salts  there  present 
into  a  carbonate  capable  of  being  assimilated,  which  transmits 
to  the  plant  the  azote  of  the  organic  matter  of  the  dung  and 
the  carbon  contained  in  the  calcareous  rocks. 

These  reactions  which  go  on  between  soluble  salts  and  one  that 

moist  and  exposed  to  the  air  during  four  days,  the  temperature  ranging 
from  68^  to  80®  F.  The  substance,  after  being  dried  by  the  action  of  the 
air,  was  set  to  digest  in  weak  alcohol ;  the  alcoholic  liquor  yielded  only  an 
insignificant  trace  of  sulphate  of  ammonia.  There  was  about  18.5  grs.  of 
sulphate  of  lime. 

3.  A  very  simple  means  of  determining  the  reaction  in  question  consists 
in  plunging  a  fragment  of  chalk  into  a  solution  of  sulphate  of  ammonia  ; 
the  fragment  so  imbued  on  being  exposed  to  the  air  emits  during  several 
days  fumes  of  carbonate  of  ammonia.  Several  bits  of  chalk  moistened  in 
the  solution,  and  exposed  by  the  aid  of  an  aspirator  to  a  continuous  current 
of  air,  afterwards  washed  in  miuiatic  acid,  disengaged  enough  of  ammo- 
niacal vapour  to  form  in  the  acid  nearly  15  grs.  of  sal-ammoniac. 

4.  With  a  slightly  moistened  silicious  sand  were  incorporated  30.8  grs. 
of  gypsum  ;  the  mixture  then  watered  with  a  solution  containing  30.8  grs. 
of  carbonate  of  ammonia,  was  allowed  to  remain  in  the  air  during  eight 
days,  having  always  the  consistence  and  humidity  of  arable  land.  At  the 
end  of  this  time  it  was  dried,  then  treated  with  weak  alcohol ;  the  alco- 
holic fluid  evaporated  left  no  sulphate  of  ammonia. 

5.  Phosphate  of  ammonia,  mixed  with  chalk,  and  kept  in  a  moist  state 
for  some  days,  qomported  itself  exactly  as  the  sulphate  in  the  same  circum- 
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IS  insoluble  under  the  peculiar  conditions  united  in  arable  land, 
show  that  we  must  not  always  conclude  as  to  what  passes  in  the 
ground  from  phenomena  observed  in  the  laboratory  of  the  chemist ; 
and  it  is  probable  that  by  extending  the  study  of  these  singular 
reactions  to  alkaline  salts  generally,  we  shall  better  understand  the 
mode  of  action  and  utility  of  ssJine  substances  in  agriculture. 
Thus,  for  example,  the  operation  of  common  salt  as  a  fertilizer  is 
still  very  obscure.  Many  skilful  husbandmen  question  its  efficacy ; 
nevertheless,  when  moderately  employed  it  seems  to  do  good. 
In  plants  growing  on  the  sea  coast  soda  is  found  in  a  great 
measure  combined  with  organic  acids,  and  the  chlorine  deduced 
by  analysis  from  their  ashes  is  nowise  proportional  to  the  alkali 
they  contain.  The  whole  sodium  does  not  enter  the  vegetable  as 
a  chloride,  but  very  likely  as  carbonate  of  soda,  and  that  in 
virtue  of  a  reaction  analogous  to  the  one  which  calcareous  matter 
has  upon  ammoniacal  salts.  r 

It  is  quite  certain  that  chloride  of  sodium  in  solution  is 
not  affected  by  carbonate  of  lime ;  but  then  it  was  proved  by 
Clouet  that  if  into  sand  moistened  with  this  same  solution 
powdered  chalk  be  put,  and  the  mixture  left  in  contact  with  air, 
an  efflorescence  of  sesquicarbonate  of  soda  ere  long  makes  its 
appearance.  'Hius  by  the  conjoint  effect  of  capillarity  and  the 
carbonic  acid  of  the  atmo^here,  common  salt  in  the  conditions 
above  mentioned  undergoes  by  contact  with  chalk  a  partial  de- 
composition, of  which  the  result  is  carbonate  of  soda,  a  salt, 
like  carbonate  of  potash,  most  favourable  to  the  growth  of 
plants.  Accordingly,  in  furnishing  sea-salt  to  a  soil  sufficiently 
calcareous,  we  really  enrich  it  with  carbonate  of  soda.  We 
moreover  perceive  that  the  same  salt  diffused  through  [land 
devoid  of  <;arbonate  of  lime  may  not  produce  any  fertilizing 
effect. 

stances ;  -nrths  of  the  ammoniacal  phosphate  were  converted  into  phosphate 
of  lime. 

6.  The  reaction  of  oxalate  of  ammonia  upon  chalk  is  visible  even  when 
the  mixture  is  well  watered;  this  is  explained  indeed  by  the  powerful 
affinity  of  oxalic  acid  for  lime.  The  totality  of  the  alkaline  oxalate  is 
promptly  changed  into  oxalate  of  lime  and  carbonate  of  ammonia. 
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Water  is  not  only  indispensable  to  the  life  of  plants,  but  like- 
wise promotes  vegetation  after  the  manner  of  a  manure,  on 
account  of  the  saline  or  organic  substances  it  generally  holds  in 
solution.  Rain  is  the  source  of  the  soft  waters  which  flow  in 
rivers,  spring  from  the  soil,  or  constitute  lakes.  Rain  water 
although  nearly  pure  is  not  absolutely  exempt  from  extraneous 
matters.  The  air,  especially  after  continued  drought,  always 
holds  dust  in  suspension ;  this  yields  to  the  rain  by  which  it 
IS  precipitated,  whatever  soluble  matter  it  may  contain. 

It  is  further  ascertained  by  the  experiments  of  Cavendish 
and  S^guin,  that  whenever  the  electric  spark  traverses  a  humid 
mixture  of  oxygen  and  azote,  nitric  acid  and  nitrate  of  am- 
monia are  produced.  Now  this  frequently  happens ;  and  ac- 
cordmg  to  Professor  Liebig  storm-rain  always  contains  nitric 
add  associated  with  lime  or  ammonia.  Common  rain  seldom 
contains  nitrates,  merely  faint  traces  of  common  salt."* 

In  river  and  spring-water  there  necessarily  exists  a  larger 
amount  of  dissolv^  substances  derived  from  the  strata  they  pass 
through,  varying  in  nature  according  to  the  geological  structure 
of  the  locality.  From  old  crystalline  rocks,  like  granite,  water 
issues  sometimes  so  little  impregnated  with  salts,  as  to  be  almost 
identical  with  distilled  water ;  that,  on  the  contrary,  which  rises 
from  a  calcareous  or  gypseous  bed  is  always  contaminated  with 
salts  of  lime.  Notwithstanding  the  minute  quantity  of  saline 
or  earthy  ingredients  in  spring  and  river-waters,  they  are  drink- 
able, and  considered  good  when  they  are  limpid,  without  odour, 
capable  of  dissolving  soap,  and  fitted  for  vegetable  cookery.  These 
two  last  characters  are  essential,  inasmuch  as  proving  that  the 
waters  contain  only  infinitesimal  quantities  of  soluble  salts  of  lime. 

The  action  of  tests  readily  indicates  the  nature  of  the  dissolved 
salts. 

Water  contains :  sulphates  or  carbonates,  if  nitrate  of  barytes 
causes  a  precipitate ;  a  sulphate  when  the  precipitate  is  not  re- 
dissolved  by  the  addition  of  nitric  acid ; 

*  Annales  de  Chimie,  t.  xxxv,  2e  s^ie. 
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Chlorides,  if  it  give  with  nitrate  of  silver  a  curdy  precipitate, 
insoluble  upon  addition  of  nitric  acid ; 

lAmCf  when  rendered  turbid  by  oxalate  of  ammonia  ; 

Magnesia^  if  when  mixed  with  pure  ammonia,  and  preserved 
in  a  closely  stoppered  phial,  a  white  fiocculent  deposit  ensues. 
This  test,  however,  is  only  applicable  to  water  that  has  been 
boiled  sufficiently  long  to  expel  all  the  carbonic  acid  in  solution, 
and  which  would  tend  to  hold  any  carbonate  of  lime  dissolved. 
Carbonate  of  lime  is  separated  from  water  by  ammonia, 
after  some  hours,  in  the  form  of  granular  crystals,  which  adhere 
to  the  sides  of  the  vessel. 

In  order  to  render  the  operation  of  tests  more  sensible,  the 
bulk  of  the  water  may  be  reduced  to  a  half  or  a  fourth  by  evapo- 
ration. 

Besides  fixed  salts,  river-water  always  contains  those  of  am- 
monia, particulaiiy  the  carbonate ;  this  fact  was  first  ascertained, 
relative  to  the  Seine  water,  by  M.  Chevreul.*  Subsequently, 
Professor  Idebig  has  discovered  the  same  ammoniacal  salt  in 
rain-water ;  and  M.  Hunefeld  has  proved,  that  spring-water  like- 
wise contains  it-f  Lastly,  M.  Hermann  has  even  determined  quan- 
titatively, carbonate  of  ammonia  in  the  ferruginous  waters  of 
a  turf-pit.  The  water  of  the  Nile  is  not  exempt  from  it,  judging 
at  least  from  the  analysis  of  its  mud.  According  to  R^ault, 
100  parts  of  this  mud  dried  in  the  air  contain :  | 


Chloride  of  sodium,  sulphate  of  soda,  and 

carbonate  of  ammoma 
Oiganic  matter  . 
Water 

Oxide  of  iron     . 
Silica 

Alumina     . 
Carbonate  of  lime 
Carbonate  of  magnesia 


1 
9 

10 

6 

4 

48 

18 

4 


100 


*  Chevreul,  Annales  de  Chimie,  t.  lxxxii,  p.  56. 
t  liebig.  Traits  de  Chimie,  Introduction,  p.  cii. 
X  Description  de  TEgypte,  t.  ii,  p.  406. 
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.    The  beautiful  synthetic  experiments  of  M.  Dumas  demonstrate 
that  water  is  formed  of : 

Oxygen    ....     88.89 
Hydrogen         .         .         .11.11 

When  pure  it  boils  at  a  temperature  of  212®  F.  under  a  ba- 
rometric pressure  of  30  (29.921)  inches.    It  congeals  at  32®  F. 

All  natural  bodies  dilate,  augment  in  volume,  by  the  action 
of  heat,  and  contract  under  diminution  of  temperature.  Water 
is  amenable  to  this  law  between  rather  wide  limits ;  it  deviates, 
however,  and  presents  an  anomaly  as  it  approaches  congelation. 
As  with  all  liquids,  the  density  of  water  gradually  increases  in 
proportion  as  it  cools,  until  its  temperature  is  3  9®.  3  8  F.  Set- 
ting out  from  this  point  the  density  rliminishes,  the  liquid  dilates 
more  and  more,  so  that  at  32®  it  occupies  nearly  the  same 
volume  that  it  did  at  49®.  From  this  remarkable  property,  it 
results  that  during  the  most  intense  cold  the  stagnant  water 
which  covers  the  meadows  rarely  attains  a  lower  temperature 
than  39®,  whereby  the  organs  of  plants  suffer  no  damage. 

Let  us  suppose,  in  fact,  that  at  the  beginning  of  winter  a 
sheet  of  stagnant  water  has  Ibl  temperature  about  54®;  in  pro- 
portion as  the  liquid  at  the  surface  cools,  it  becomes  denser, 
descends,  and  is  immediately  replaced  by  inferior  layers,  which 
rise  in  the  ratio  of  their  less  deasity ;  but  these  new  superior 
layers,  subjected  to  the  same  refrigerating  cause,  contract  and 
descend  alternately.  There  is  then  established  in  the  fluid 
molecules,  movements  of  ascension  and  descent,  of  which  the 
result  is  the  cooling  of  the  entire  mass.  Let  us  now  admit 
that  in  virtue  of  this  continued  mingling  of  the  cooled  superior 
layers  with  those  below,  the  temperature  of  the  sheet  of  water  is 
lowered  to  39®.38 ;  at  this  degree  of  the  thermometer,  the  water 
acquires  its  maximum  density ;  in  parting  with  its  heat  it  not 
only  contracts  no  more,  but  becomes  lighter.  If  then  a  body  of 
stagnant  water  at  a  temperature  of  39®  is  exposed  to  the  chilling 
action  of  the  atmosphere,  the  superior  layer,  far  colder  than  the 
inferior,  will  no  longer  descend,  since  it  will  become  lighter  as 
its  temperature  diminishes.     Thus  it  is  that  the  water  of  a  pond 
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or  lake  freezes  at  the  surface,  while  it  preserves  beneath  a  tem- 
perature some  degrees  above  32^  In  a  situation  where  the  tem- 
peratiu^  of  the  air  was  29^  Davy  found  the  thermometer 
indicate  43^  in  the  herbage  of  an  inundated  meadow  completely 
covered  with  ice.* 

Water  is  always  impregnated  with  atmospheric  air,  and  a 
minute  quantity  of  carbonic  acid.  Deprived  of  air,  it  is  not 
agreeable  to  drink ;  it  is  even  said  when  long  continued,  to  prove 
unwholesome  if  the  dissolved  gases  are  expelled  by  ebullition. 
River  water  usually  contains  ^th  in  volume  of  air,  and  gth  car- 
bonic acid.  In  spring  water,  the  amount  of  the  latter  is  some- 
times far  more  considerable. 

'Hie  quantity  and  nature  of  saline  ingredients  in  drinkable  water 
vary  much :  in  an  agricultural  point  of  view,  the  study  of  the  con- 
tained salts  would  certainly  be  useful.  The  waters  which  serve 
as  drink  to  the  cattle  of  a  farm,  introduce  into  the  dung-heap 
all  the  matters  which  are  dissolved  or  held  in  suspension.  At 
Bechelbronn,  for  example,  I  find  that  more  than  2  cwts.  of  alka- 
line salts  get  into  the  dung  in  this  way  every  year.  When  a 
farmer  has  the  choice  of  several  waters  for  giving  his  cattle  or 
irrigating  his  meadows,  he  will  do  well  to  select  that  which  is 
richest  in  alkaline  salts,  and  still  good  to  drink.  In  the  steppes 
of  America,  it  is  astonishing  with  what  discernment  the  cattle 
choose  waters  for  allaying  their  thirst,  containing  minute 
quantities  of  sulphate  of  soda  or  common  salt. 

I  dose  these  considerations  with  a  tabular  view  of  the  most 
recent  analyses.  The  quantities  of  salts  put  down  have  been 
deduced  from  100,000  parts  of  water  for  drinking. 

*  Davy,  Agricultural  Chemistry,  p.  352. 
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The  water  of  the  Artesian  well  at  Crenelle,  near  Paris, 
according  to  the  analysis  of  M.  Payen,  contains,  in  100,000 
parts: 


Carbonate  of  lime      • 

.     6.80 

Carbonate  of  magnesia 

.     1.42 

Bicarbonate  of  potash 

.     2.96 

Sulphate  of  potash    . 

.     1.20 

Chloride  of  potassium 

.     1.09 

Silica 

.     0.57 

Yellow  matter,  not  defined 

.     0.02 

Organic  azotised  matter     • 

.    0.24 

14.30 
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CHAPTER  VIL 

OP  THE    ROTATION   OF   CROPS. 

§   1.    OP   THB    OBOAKIC    MATTBB   OP    MANURE    AND    OF    CROPS. 

It  is  known  that  the  atmosphere  and  the  organic  matters 
diffused  through  the  earth  concur  simultaneously  to  maintain 
the  life  of  plants ;  but  how  far  each  contributes  is  undetermined. 
We  shall  now  study  the  theory  of  the  exhaustion  of  the  soil  by 
culture,  and  the  rotation  of  crops. 

When  a  succession  of  crops  is  grown  upon  fertile  land  with- 
out renewal  of  manure,  the  produce  gradually  diminishes ;  and 
after  a  certain  period,  if  it  be  grain,  the  quantity  which  at  the 
outset  was  eight  or  nine  times  the  amount  of  the  seed,  will  be 
reduced  to  three  times  or  even  to  twice  the  seed.  Thus  crops 
impair  the  fertility  of  the  soil,  and  eventually  exhaust  it. 

It  has  been  long  admitted  that  different  species  of  plants 
manifest  great  diversity  in  their  powers  of  exhaustion.  Certain 
kinds,  indeed,  as  trefoil  and  lucerne,  far  from  exhausting  it, 
communicate  new  vigour.  As  a  general  rule,  however,  every 
plant  may  be  said  to  impoverish  the  soil  in  which  it  grows.  This 
impoverishment  is  always  manifest  when  the  plant  after  maturity 
is  completely  removed,  but  is  less  sensible  when  much  rubbish 
is  left.  TTius,  for  example,  clover,  afl;er  yielding  two  crops, 
which  are  generally  cut  as  fodder,  might  still  yield  a  third ;  this 
last,  however,  is  generally  ploughed  into  the  ground  as  manure, 
being  buried  along  with  a  considerable  quantity  of  roots.  This 
plan  of  meliorating  the  soil  by  the  cultivation  of  trefoil  is  what 
is  called  manuring  by  smothering ;  a  method  practised  from  a 
remote  period  in  the  south  of  Europe,  and  which  offers  decided 
advantages  in  those  districts  where  there  is  abimdance  of  pas- 
ture land.  Hence,  in  smothering  trefoil,  the  soil  is  amended  at 
the  expense  of  the  nutritive  matter  it  contains. 
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Thaer,  who  endeavoured  to  make  theory  and  practice  mutu- 
ally agree,  laid  it  down  as  a  rule,  that  the  exhaustion  occasioned 
by  cropping  is  proportioned  to  the  amount  of  nutriment  in  the 
crops,  estimating  the  nutritive  value. according  to  Einhof  s  deter- 
mination.    But  the  above  deduction  is  founded  upon  error. 

In  &ct,  to  adopt  the  above  principle  is  tacitly  admitting  that 
the  whole  organic  matter  of  plants  originally  comes  from  the 
soil.  This,  no  doubt,  contributes  in  a  certain  proportion  to  the 
development  of  plants,  but  so  also  do  air  and  water.  On  the 
other  hand,  physiologists,  in  opposition  to  the  ideas  of  the  school 
of  Thaer,  have  perhaps  exaggerated  the  material  withdrawn 
from  the  air.  Thus,  M.  de  Saussure  reckons  that  a  sim-fiower 
derives  from  the  ground  during  its  growth  not  more  than  ^th  of 
its  weight,  supposmg  the  plant  dry.  The  reasoning  upon  which 
he  formed  his  conclusion  is  based,  on  the  one  hand,  upon  a 
knowledge  of  the  extractive  matter  of  garden-mould ;  on  the 
other,  upon  the  quantity  of  water  a  plant  like  sun-flower  may 
absorb  in  a  given  time,  to  return  it  again  to  the  air  by 
transpiration.* 

Little  objection  could  be  urged  against  the  above  conclusion, 
did  not  the  experiments  of  M.  Gazzeri  tend  to  prove  that  roots 
virtually  exercise,  by  their  contact  with  solid  organic  matter,  an 
incontestable  absorbent  action  in  imparting  solubility .f  I  might 
refer  to  an  observation  of  M.  de  Saussure,  in  which  he  states 
that  plants  grown  in  garden-mould  deprived  of  its  soluble  com- 
ponents by  repeated  washing,  reached,  neverthdess,  perfect 
maturity,  although  the  produce  in  seed  was  less  abundant  than  it 
might  have  been.|  It  is  most  probable  that  both  parties  have 
promulgated  extreme  opinions.  Plants  possibly  draw  from  the 
atmosphere  more  than  agriculturists  commonly  suppose,  and  the 
soil  fiunishes,  independently  of  saline  and  earthy  substances,  a 
proportion  of  organic  matter  larger  than  certain  physiologists 
admit.  There  is  every  reason  to  believe,  from  what  I  could 
learn  respecting  guano  during  my  sojourn  on  the  coast  of  Peru, 

*  Saussure,  Recherches  Chimiques  sur  la  V^tation,  p.  268. 
t  Annales  de  TAgriculture  fran9ai8e.  No.  iii,  p.  57. 
I  Saussure,  Recherches  Chimiques,  p.  171. 
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that  the  greater  part  of  the  azotised  principles  of  plants  originates 
in  the  ammoniacal  salts  which  exist  or  are  formed  in  manure.* 

In  discussing  the  advantage  of  one  course  of  crops  over 
another,  the  question  always  hinges  upon  that  of  exhaustion. 
Wherever  an  unlimited  supply  of  dung  and  of  handywork  can 
be  procured,  there  is  no  absolute  necessity  for  following  any 
regular  system  of  rotation.  Under  such  favourable  circum- 
stances, it  is  expedient  to  ascertain  what  kind  of  cultivation  is, 
commercially  speaking,  best  suited  to  the  dimate  and  the  soil. 
There  is  little  to  fear  that  by  a  continued  succession  of  similar 
crops,  the  fields  will  get  infested  with  noxious  weeds,  because  this 
inconvenience  may  be  obviated  by  labour.  Nor  is  impoverish- 
ment of  the  soil  to  be  dreaded,  since  that  can  be  remedied 
by  the  purchase  of  manure.  The  whole  craft  of  agriculture 
is  reducible  to  comparison  of  the  probable  value  of  the  crop 
with  the  cost  of  manure,  labour,  &c  Farming  of  this  sort 
excludes  the  keep  and  propagation  of  cattle,  and  may  be  strictly 
regarded  more  as  gardening  than  as  agriculture. 

But  where  manure  cannot  be  had  from  without,  things  must 
be  reduced  to  a  system  ;  and  the  amount  of  produce  which  it  is 
possible  to  export  each  year  is  fixed  within  boimds,  which  can- 
not be  exceeded  with  impunity. 

When  by  judicious  cultivation  land  is  rendered  fertile,  it  is 
necessary  towards  securing  its  fertility,  to  supply  after  every 
succession  of  crops  equal  quantities  of  manure.  In  considering 
this  in  a  purely  chemical  point  of  view,  it  may  be  said  that  the 
produce  which  can  be  taken  away  without  damaging  the  fer- 
tility of  the  land,  is  the  organic  matter  contained  in  the  crops, 
abstraction  made  of  that  present  in  the  manure.  Indeed,  this 
latter  substance  must  in  some  form  or  other  return  to  the 
soil  to  fecundate  it  anew.  It  is  capital  placed  in  the  ground,  the 
interest  of  which  is  represented  by  the  commercial  value  of 
the  produce  of  all  the  other  agricultural  operations. 

Where  lands  are  extensive,  population  scattered,  and  means 
of  communication  difficult,  there  is  less  necessity  for  being  tied 
down  to  systematic  cultivation.      There  is  always  enough  for  a 

*  Annales  de  Cbimie,  t.  lxv,  ann^  1837. 
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scanty  population.  A  field  yields  gram,  and  after  the  harvest  is 
converted  for  a  series  of  years  into  meadow-land ;  such  is  the 
pastoral  system  in  all  its  simplicity.  To  this  primitive  state  of 
husbandry  may  be  referred  those  plantations  on  cleared  land  in 
countries  covered  with  forests.  When  the  trees  are  felled  and 
burned  upon  the  spot,  the  soil  yields  for  long  and  without 
manure,  crops  of  maize  and  of  wheat  of  surprising  quality,  at 
the  cost  of  the  fecundity  acquired  during  ages  of  repose. 

But  when  from  increased  population  the  land  becomes  more 
valuable,  a  larger  amount  of  produce  is  demanded.  Imperfect 
cultiu^  would  prove  inadequate.  Accordingly  a  triennial  rotation 
of  crops  was  very  anciently  adopted  in  the  north  of  Europe, 
consisting  as  is  well  known  of  fallow  land  fi^quently  ploughed 
during  summer,  followed  by  two  years  of  grain.  The  fallow- 
land  received  a  certain  quantity  of  manure  to  repair  the  ex- 
haustion occasioned  by  the  two  crops  of  grain ;  hence  when  this 
mode  of  rotation  is  adopted  there  should  be  always  sufficient 
meadow-land  to  supply  manure. 

Leaving  waste  one  third  of  the  surface  has  always  been  held 
a  grave  objection  against  triennial  rotation.  Hence  various  at- 
tempts have  been  made  to  get  rid  of  the  summer  fallow.  Some 
encouragement  was  given  to  these  attempts  from  what  occurs  in 
horticultiu^,  where  the  ground  is  rendered  continually  produc- 
tive.* In  certain  countries,  moreover,  tillage  is  only  interrupted 
by  severe  weather. 

On  the  other  hand  it  has  been  long  remarked  that  it  is  not 
always  beneficial  to  grow  grain  during  several  consecutive  years  in 
the  same  ground,  even  when  it  is  fertile  and  manure  is  abundant, 
owing  to  the  almost  insurmoimtable  difficulty  of  destroying 
weeds.  The  fallow  was  justly  considered  the  most  efficient  and 
economic  means  of  getting  rid  of  these.  For  this  purpose 
falloW'Crops,  as  they  were  called,  were  introduced.  Peas,  beans, 
vetches,  were  at  first  the  only  plants  used  as  fallow- crops. 

However,  it  was  soon  perceived  that  the  fidlow-crops  occa- 
sioned a  very  sensible  diminution  in  the  produce  of  com ;  to 
counteract  this  inconvenience  recourse  was  had  to  a  surcharge  of 
manure  ;  but  as  this  cannot  always  be  obtained  it  was  necessary 

*  Thaer,  Agriculture  raisonn^. 
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either  to  reduce  the  cultivated  surface  or  to  appropriate  a 
certain  amount  of  meadow.  Still  the  fallow-crops  had  this  ad- 
vantage, that  they  enabled  the  farmer  to  derive  from  land  a 
greater  amount  of  produce  in  a  given  time  without  prejudice  to 
the  raising  of  com.  Hence  the  plan  of  turning  the  fallow  to 
account  was  soon  generally  adopted. 

The  introduction  of  clover  so  modified  the  system  of  fallow- 
crops  as  at  one  time  to  induce  the  belief  that  the  point  of  per- 
fection had  been  attained  in  agricultiu^.*  This  was  when  it  was 
ascertained  that  trefoil,  which  had  hitherto  been  only  cultivated  in 
small  enclosures,  might  be  sown  in  spring  upon  com  land,  and 
occupy  next  year  the  place  of  the  fiedlow  in  the  triennial  rotation. 
Trefoil  so  far  from  exhausting  the  soil  was  foimd  to  give  it  new 
fertility,  and  the  succeeding  corn  crop  yielded  a  plentiful  harvest. 

It  may  be  easily  conceived  what  advantages  were  expected  in 
substituting  for  the  unproductive  fallow  the  cultivation  of  a  plant 
which  did  not  impoverish  the  land,  and  furnished  a  quantity  of  ex- 
cellent fodder  that  served  as  food  for  an  additional  number  of 
cattle.  It  was  even  alleged  that  this  plant  cleared  the  fields  of 
weeds. 

A  few  years'  experience  sufficed  to  show  that  trefoil  did  not 
possess  all  the  advantages  attributed  to  it.  On  renewing  the 
clover  every  third  year  on  the  same  piece  of  ground  it  some- 
times failed.  Schubarth,  the  most  zealous  and  enlightened  ad- 
vocate for  its  use,  limited  the  renewal  of  the  artificial  meadow 
at  first  to  the  sixth,  and  eventually  to  the  ninth  year ;  and  find- 
ing that  it  did  not  completely  destroy  the  weeds  in  corn,  he  had 
recourse  to  hoed-crops  for  that  purpose. 

The  introduction  of  trefoil  has  gradually  led  to  the  system  of 
alternate  rotation  of  crops  generally  adopted  at  present;  and 
moreover,  contrary  to  the  anticipations  of  Schubarth,  it  may  be 
renewed  every  four  or  five  years  on  the  same  parcel  of  land, 

The  impossibility  of  substituting  trefoil  for  the  fallow  of  the 
triennial  rotation  was  offered  as  a  fresh  proof  of  the  principle 
maintained  from  time  immemorial  by  agriculturists,  namely, 
that  different  species  of  plants  should  be  cultivated  in  succes- 
sion on  the  same  land,  and  that  the   same  species  should  not 

*  Thaer,  Agriculture  raisonn^e. 
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recur  except  at  considerable  intervals ;  the  earth  yielding  much 
finer  crops  when  the  same  species  do  not  follow  in  immediate 
sequence.* 

Attempts  have  been  made  at  various  times  to  explain  this 
phenomenon.  It  was  at  first  thought  that  different  species  of 
vegetables  required  a  particular  nutriment ;  but  it  was  soon  per- 
ceived to  be  otherwise,  and  that  the  organs  of  each  plant  de- 
rived the  necessary  juices  firom  substances  which  concur  in  the 
nutrition  of  vegetables  generally.  In  effect,  plants  the  most 
opposite  in  botanical  character  and  properties,  alimentary  as  well 
as  poisonous,  will  live  and  flourish  on  the  same  mound  of  earth, 
and  with  the  same  manure.  Moreover  these  plants  reciprocally 
withdraw  nourishment  firom  one  another,  which  could  not  occur 
did  each  species  need  different  elements  of  nutrition.! 

When  it  was  taken  for  granted  that  the  organs  of  plants  ela- 
borate a  common  nourishment  derived  firom  the  manure,  then 
vegetables  of  diverse  organizations  were  supposed  endued  with 
the  faculty  of  searching  at  different  depths  for  the  nutritive 
matter  contained  in  the  soil,  by  reason  of  a  more  or  less  con- 
siderable extension  and  development  of  their  roots.  This 
served  to  explain  how  a  plant  with  long  and  perpendicular  roots 
could,  as  a  sequel  to  com,  derive  benefit  fi'om  manure  situate  in 
the  undermost  layers  of  ploughed  land.  It  is  possible  that  an 
action  of  this  kind  may  take  place  under  certain  circumstances, 
but  the  explanation  can  never  be  generally  received. 

Another  explanation  of  the  necessity  for  alternate  crops  is 
based  upon  properties  assigned  to  the  excretions  of  the  roots,  as 
compared  to  animal  excrements. 

The  excretion  of  roots,  first  observed  by  Brugman  in  the 
Viola  arvensiSyl  has  been  confirmed  by  the  recent  observations  of 
M.  Macaire.  This  physiologist  obteined  the  matter  exuded 
fit)m  certain  plants  by  keeping  their  roots  in  water ;  but  strange 
to  say  could  not  discover  it  in  silicious  sand  in  which  certain 
vegetables  had  been  grown.^     I  myself  likewise  failed  in  detect- 

*  Thaer,  Agriculture  raisonnde. 
t  De  CandoUe  1. 1.  p.  248. 
:  Ibid.  t.  II.  p.  1497. 
§  Ibid,  t.  III.  p.  1474. 
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ing  sensible  traces  of  organic  matter  in  sand  which  had  served 
as  soil  during  several  months  to  wheat  and  clover ;  a  result 
which  renders  the  fact  of  radicular  excretion  doubtful.  The  ex- 
cretion consequent  upon  immersion  in  water  is  perhaps  the  effect 
of  disease. 

Be  that  as  it  may,  upon  the  assumption  of  the  excretion  from 
roots,  Messrs.  von  Humboldt  and  Plenck  have  explained  the 
cause  of  the  attractions  and  repulsions  of  certain  plants.* 
More  recently  M.  de  CandoUe  has  reproduced  this  idea  as  the 
basis  of  a  theory  of  rotation  of  crops.  If  it  be  supposed,  in 
feet,  that  the  excretion  from  the  roots  represents  vegetable  ex- 
crements, it  may  be  easily  imagined  that  these  excretions  once 
deposited  in  the  soil  may  be  as  prejudicial  to  the  plant  which 
produced  them  as  would  be  the  excrement  of  an  animal  presented 
to  it  as  food.  On  the  other  hand,  by  change  of  species,  the  plant 
newly  implanted  may  profit  by  the  excretions  of  the  preceding 
crop,  absorbing  them  as  nourishment.  This  ingenious  hypo- 
thesis is  deficient  in  the  groundwork,  inasmuch  as  the  fact  of  ra- 
dicular excretion  is  not  sufficiently  established.  Again,  admitting 
the  excretion,  several  facts  concur  to  demonstrate  that  plants  may 
thrive  in  soil  charged  with  their  own  excrements. 

The  culture  of  com,  for  example,  may  proceed  uninterrup- 
tedly, as  we  find  in  the  triennial  rotation.  I  have  seen  in  the  table- 
lands of  the  Andes  wheat  fields,  which  had  yielded  excellent  crops 
annually  for  more  than  two  centuries.  Maize  may  likewise  be  con- 
tinually reproduced  upon  the  same  ground  without  inconvenience  ; 
this  fact  is  well  known  in  the  south  of  Europe ;  and  the  greater 
portion  of  the  coast  of  Peru  has  produced  nothing  else,  fix)m  a 
date  long  anterior  to  the  discovery  of  America.  Further,  potatoes 
may  come  again  and  again  upon  the  same  soil ;  they  are  inces- 
santly cultivated  at  Santa-Fd  and  Quito,  and  nowhere  are  they  of 
better  quality.  Indigo,  sugar-cane  may  be  brought  under  the  same 
category.  In  Europe  the  Jerusalem  artichoke  produces  con- 
stantly in  the  same  place.f     It  must  be  conceded,  that  if  all 

*  De  Candolle,  t.  iii.  p.  1474. 

t  To  thifl  list  might  be  added,  according  to  the  recent  researches  of  M. 
Braconnot,  the  bay-rose  with  double  flowers,  and  Papaver  sommferum. 
That  distinguished  chemist  terminates  his  memoir  as  follows :  "  My  ex- 
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these  plants  excrete  from  their  roots,  their  excretions  are  not  of 
such  a  nature  as  to  interfere  with  the  progress  of  vegetation  of 
the  species  producing  them. 

But  the  capital  objection  to  the  hypothesis  of  de  Candolle  is 
this,  that  it  would  be  very  remarkable  indeed  did  any  soluble 
organic  matter,  like  such  secretions,  not  putrify  when  lying  in 
the  groimd.  In  a  word,  it  is  difficult  to  understand  how  it  should 
resist  for  years,  as'  is  pretended,  the  decomposing  influence  of 
heat  and  moisture  together. 

That  there  is  no  absolute  necessity  for  alternation  of  crops 
when  dung  and  labour  can  be  readily  produced,  is  undeniable. 
Nevertheless,  there  are  certain  plants  which  cannot  be  repro- 
duced upon  the  same  soil  advantageously  except  at  intervals 
more  or  less  remote.  The  cause  of  this  exigence  on  the  part 
of  certain  vegetables  is  still  obscure,  and  the  hypotheses  pro- 
pounded for  dearing  it  up  far  from  satisfactory. 

One  of  the  marked  advantages  of  alternate  cultures,  is  the 
periodic  cultivation  of  plants  which  improve  the  soiL  In  this 
way  a  sort  of  compensation  is  made  for  exhaustion.  The  main 
thing  to  be  secured  in  rotation  of  crops  is  such  a  system  as 
shall  enable  the  husbandman  to  obtain  the  greatest  amount  of 
vegetable  produce  with  the  least  manure,  and  in  the  shortest 
possible  time.  This  system  can  be  alone  realized  by  employing 
in  the  course  of  rotation  those  plants  which  draw  largely  upon 
the  atmosphere. 

The  best  plan  of  rotation  in  theory,  is  that  in  which  the 
quantity  of  organic  matter  obtained  most  exceeds  the  quantity  of 
organic  matter  introduced  into  the  soil  in  the  shape  of  manure. 
This  does  not  hold  quite  in  practice.  It  is  less  the  surplus 
amount  of  organic  matter  over  that  contained  in  the  manure, 
than  the  value  of  this  same  matter  which  concerns  the  agricul- 
turist. The  excess  required,  and  the  form  in  which  it  should 
be  produced,  must  vary  widely  according  to  locality,  commercial 

perimentB  are  unfavourable,  as  may  be  perceived,  to  the  theory  of  rotation 
of  crops  based  on  the  excretions  of  the  roots.  These  excretions  if  really 
occurring  in  the  normal  state  are  so  obscure  and  littie  known  as  to  lead  to 
the  inference  that  the  general  system  of  rotations  must  be  referred  to  some 
other  source."  (Recherches  sur  Tinfluence  des  plantes  sur  le  sol,  Annaks 
de  Chimie,  t.  lxxii.  p.  27. 
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demand,  and  the  habits  of  people,  considerations  wholly  apart 
from  theoretical  provisions.  One  point  in  theory  that  should  agree 
with  practice  is  this,  that  in  no  case  is  it  possible  to  export  more 
organic  matter,  and  particularly  more  azotized  organic  matter, 
than  the  excess  of  the  same  matter  contained  in  the  manure 
which  is  consumed  in  the  course  of  the  rotation.  By  acting  upon 
another  presumption  the  productiveness  of  the  soil  would  be 
infallibly  lessened. 

This  irrefragable  condition  as  to  the  term  of  exportation  fix)m 
a  fium  suggests  some  critical  remarks  upon  sundry  notions 
latdy  promulgated.  The  manufacture  of  beet-root  sugar  is  an 
instance.  European  agriculture  may  probably  derive  certain  ad- 
vantages from  this  modem  branch  of  industry,  although  these 
have  been  much  overrated  by  certain  speculators,  who  contend  that 
sugar  may  thus  be  obtained  through  rotation  of  crops  without 
lessening  the  other  produce  of  the  domain ;  so  that  the  sugar 
constitutes  an  additional  source  of  income.  This  seems  to  me 
erroneous. 

If  an  estate  yields  annually  1 00  tons  of  beet-root  for  the  sup- 
port of  cattle,  their  number  must  be  diminished  if  the  root  is  to 
be  used  for  making  sugar.  The  organic  matter  of  the  sugar 
extracted  therefrom,  is  just  so  much  nourishment  withheld  from 
the  cattle.  To  assert  the  contrary  would  be  equivalent  to  say- 
ing that  potatoes  grown  upon  a  couple  of  acres  of  land,  and 
submitted  to  the  process  of  distillation  before  being  employed  as 
fodder,  would  feed  as  many  animals  as  if  eaten  directly :  as- 
suredly, the  organic  principles  of  the  potato  converted  into  alco- 
hol are  lost  as  regards  nutrition. 

This  does  not  imply  that  the  manufacture  of  indigenous 
sugar,  and  of  potato  spirit,  is  less  productive  than  breeding  and 
fattening  cattle.  My  sole  object  is  to  show  that  only  a  limited 
quantity  of  organic  matter  can  be  advantageously  exported  from 
an  agricultural  establishment.  It  must  depend  upon  local  and 
commercial  circumstances  whether  this  is  to  be  exported  in  the 
form  of  sugar,  com,  spirit,  or  butcher-meat. 

The  above  statement  is  in  apparent  contradiction  with  gene- 
raDy  received  notions.  Many  persons  believe  that  the  manu- 
fiacture  of  sugar,  instead  of  injuring,  is  favourable  to  the  breed- 
ing of  cattle.     It  appears,  from  a  Parliamentary  n^turn  on  this 
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subject,  in  1836,  that  in  certain  estates  where  sugar  was  made, 
the  number  of  animals  was  increased ;  the  numerical  results  are 
no  doubt  exact,  but  this  augmentation  in  cattle  is  rather  to  be 
ascribed  to  an  improved  mode  of  farming  than  to  the  manufac- 
ture of  sugar.  In  establishments  where  the  triennial  rotation 
with  fallow  was  pursued,  a  rotation  of  four  or  five  years  with 
clover  and  weed-destroying  plants  has  been  introduced ;  so  that 
it  is  by  no  means  to  be  wondered  at,  that  independently  of  beet- 
root, there  should  have  been  a  considerable  increase  in  other 
things.  The  introduction  of  this  root,  where  it  was  not  formerly 
grown,  is  of  itself  an  important  melioration.  But  in  highly  culti- 
vated countries,  where  the  most  productive  rotations  have  been 
long  followed,  the  extraction  of  sugar  would  not  effect  such  advan- 
tageous changes  as  those  announced  in  the  above  return.  If  at 
Bechelbronn  a  time  should  ever  come,  and  at  present  it  seems  far 
distant,  when  it  would  be  deemed  expedient  to  make  sugar  from 
the  beet  there  grown,  it  would  certainly  be  requisite  to  diminish 
the  number  of  cattle,  or  else  to  annex  more  meadow  land.  It  is 
only  indirectly,  therefore,  that  the  manu&cture  of  home-sugar 
can  promote  the  breeding  of  cattle,  and  so  prove  serviceable  to 
agriculture. 

From  the  definition  given  by  me  of  the  most  advantageous 
course  of  crops,  theoretically  considered,  it  may  be  inferred  how 
closely  the  study  of  rotations  is  connected  with  that  of  the  exhaus- 
tion of  the  soil.  Hence,  to  discuss  the  value  of  divers  rotations, 
we  must,  in  consonance  with  theory,  compare  the  quantity  of 
organic  matter  in  a  sequence  of  crops,  with  that  in  the  manure 
expended  upon  them. 

From  a  well-managed  farm,  where  for  a  series  of  years  an  in- 
variable system  of  culture  has  been  steadily  pursued,  we  must 
look  for  data.  This  I  have  done,  as  regards  Bechelbronn,  de- 
termining  by  analysis  the  composition  of  the  manures  and  crops, 
and  also  of  the  more  ordinary  kinds  of  fodder  or  food.  For  a 
long  time,  a  five  years'  rotation  has  been  there  adopted  in  the 
following  order : 

1st  year.     Potatoes  or  beet-root  manured. 

2iid  year.    Wheat  sown  the  autumn  of  the  first  year ;  clover  interposed 

in  the  spring. 
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drd  year.    Trefoil  (clover)  two  crops;   the  third  crop  ploughed  in  or 

smothered. 
4th  year.    Wheat  on  the  clover-break  turnips  after  the  wheat. 
5th  year.     Oats. 

The  crop  of  oats  which  ends  the  rotation  is  generally  scanty. 
The  soil  is  then  brought  back  to  the  point  of  fertility  which 
it  had  before  being  dunged ;  and  it  is  known  by  experience  that 
it  will  not  now  yield  a  crop  of  any  value. 

I  now  proceed  to  detail  the  analyses  of  the  different  sub- 
stances wUch  enter  into  the  rotation,  indicating  at  the  same 
time  the  average  produce  per  acre. 

POTATOES. 

In  the  rather  strong  soil  of  Bechelbronn  one  acre  produces 
upon  an  average  about  105  cwts.  of  potatoes.  This  is  below  the 
ordinary  rate  of  Alsace,  where  the  crop  amounts  to  from  155 
to  165  cwts.  per  acre.  The  leaves  and  stems  are  left  upon 
the  ground. 

A  potato  was  cut  in  two,  in  order  to  subject  it  to  analysis  with 
a  proportional  part  of  the  peel.  The  half  weighed  335.2  grs. 
Stove-dried  and  reduced  to  flour,  it  weighed  289.3  grs.  By  abso- 
lute desiccation  in  vacuo,  at  a  temperature  of  230^  F.  it  was 
found  that  one  of  moist  tuber  became  0.241  ;  15.4  grs.  left  of 
ash  0.039. 

The  average  quantity  of  azote  is  1.2.  In  1836,  I  found  1.8 
of  azote.  This  notable  difference,  perhaps,  depends  on  the  ana- 
lysis not  having  been  made  immediately  after  the  harvest ;  or  it 
may  be  partly  due  to  meteorological  influences.  To  convince 
myself  that  it  did  not  depend  upon  any  error  of  analysis,  I  ex- 
amined anew  the  potatoe  of  1836,  preserved  in  the  farinaceous 
state:  it  yielded  1.8  of  azote.  I  shall,  therefore,  reckon  the 
azote  at  1.5 : 


Carbon 

.     43.72 

II. 
43.40 

Hydrogen 

.       6.00 

5.60 

Oxygen     . 

.     44.88 

45.60 

Azote 

.       1.50 

1.50 

Ash  . 

.       3.90 

3.90 
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WHEAT. 

I  analysed  the  grain  gathered  m  1837  :  one  of  wheat,  dried 
in  vacuo  at  230®  F.  was  reduced  to  0.885 ;  one  of  dry  wheat 
left  of  ash  0.0243 : 

Carbon       .  .  .  46.10 

Hydrogen   •  .  .  5.80 

Oxygen      .  .  .  43.40 

Azote          .  .  •  2.29 

Aflh             •  .  .  2.43 


100.00 


The  mean  produce  in  wheat  at  Bechelbronn  varies  fh)m  20| 
to  22  bushels  per  acre;  this  variation  depends  on  the  drill  crop 
which  commences  the  rotation.  After  potatoes  the  average  crop 
is  1 9|^  bushels ;  after  beet-root,  1 7  bushels ;  on  clover  breaks  it 
is  24  bushels.  The  average  weight  of  the  grain  is  63lbs. 
per  bushel. 


WHBAT«8TBAW. 


I  estimate  the  proportion  of  the  produce  in  grain  to  that  in 
straw,  as  44  to  100. 

One  of  straw  completely  dried  in  vacuo  at  230®  F.  becomes 
0.740 ;  one  of  dry  straw  leaves  0.0697  of  ash : 


Carbon     . 

,     48.48 

II. 

48.38 

Hydrogen 
Oxygen     . 
Azote 

5.41 
.     38.79 
.      0.35 

5.21 

39.09 

0.35 

Ash  « 

6.97 

69.7 

100.00 

lOOM 

El 

J}  CLOVBB. 

Clover  delights  in  clayey  soils ;  it  thrives  generally  in  good 
wheat  lands ;  in  light  and  sandy  ground  it  gets  bare  and  frosted. 
During  its  growth,  it  always  requires  the  shelter  of  some  other 
plant.  For  this  reason,  in  spring,  it  is  generally  sown  among 
wheat,  which  is  put  in  the  preceding  autumn,  or  barley  sown  the 
same  spring.     We  generally  give  from  11   to  14  lbs.  of  seed 
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per  acre.  Clover  is  mowed  the  second  year,  as  it  is  coming  into 
flower ;  but  when  it  is  not  to  be  consumed  as  green  fodder,  the 
mowing  may  take  place  before  the  flowering ;  this  is  required  from 
the  difficulty  of  making  it  into  hay.  In  fact,  in  the  process  of  dry- 
ing dover,  there  is  great  risk  of  losing  part  both  of  the  leaves  and 
flower ;  besides,  the  drying  always  requires  a  considerable  time, 
during  which  the  clover  runs  the  chance  of  being  damaged  by 
rain,  and  clover  hay-making  is  almost  impracticable  in  wet  weather. 
Schwertz  proposed  to  dry  the  clover  on  a  sort  of  parrot-perches 
stuck  into  the  ground.  These  supports  are  about  eight  feet  high, 
and  capable  of  bearing  a  load  of  2  cwt.  of  green  fodder,  mowed 
twenty-four  hours,  and  already  withered.  This  method,  as  I 
have  seen  it  practised  in  the  Duchy  of  Baden,  answers  well,  but 
there  is  considerable  cost  for  manual  labour,  and  in  the  first  in- 
stance for  perches.  Schwertz  reckons  that  2  cwts.  of  green 
clover  yield  48lbs.  of  hay.  The  relation  of  green  to  dry  fodder 
varies  with  the  age  of  the  plant,  and  the  meteorological  circum- 
stances under  which  it  has  grown.  Subjoined  is  the  result  of 
some  experiments  which  I  performed  on  the  making  of  clover 
faay: 

1  ton  of  clover  in  flower,  2nd  year  (1841)  afforded  in  hay  7cwt8. 

1  ton  of  clover  1st  year  (1842)  „  4cwts.  2qr8.  241b8. 

The  average  produce  of  this  fodder  reduced  to  hay  at  Bechel- 
bronn  is  41  cwts.  3  qrs.  per  acre. 

One  of  clover  hay,  after  complete  desiccation,  weighed  0.790  ; 
one  of  dry  hay  left  0.078  of  ash : 


Carbon 

.    47.53 

II. 

47.19 

Hydrogen  . 

.      4.69 

5.33 

Oxygen 

.    57.96 

37.66 

Azote 

2.06 

2.06 

Afih  . 

.       7.76 

7.76 

100.00 

100.00 

TURNIPS. 

When  turnips  are  cultivated  as  a  second  crop,  as  after  rye  or 
wheat,  the  produce  is  very  vmcertain.     Attempts  are  occasion- 
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ally  made  to  raise  them  after  wheat  which  has  followed 
clover. 

When  cultivated  on  fresh  manured  soil,  the  produce  is  consi- 
derable ;  in  some  places  it  amounts  to  from  28  to  33  tons  per 
acre ;  but  as  a  second  crop,  we  only  obtain  upon  an  average  7^- 
tons  per  acre.  This  crop  is  only  counted  as  a  half  crop  in  the 
general  produce  of  the  rotation. 

Turnip  is  the  most  watery  root  I  have  examined.  A  slice 
weighing  2  oz.  17  dwts.  dried  in  the  stove,  was  reduced  to 
4  dwts.  After  thorough  desiccation,  one  of  turnip  weighed 
0.075  ;  consequently  the  root  contains  92.5  per  cent  of  water; 
one  of  dried  turnip  incinerated,  left  0.0758  of  ash: 


Carbon.     . 

.    42.80 

II. 
42.93 

Hydrogen 

.       5.54 

5.61 

Oxygen     . 

.     42.40 

42.20 

Azote        • 

.       1.68 

1.68 

Ash 

.       7.68 

7.58 

100.00  100.00 


OATS. 


As  this  grain  closes  the  rotation,  the  produce  is  not  great. 
The  average  crop  is  37  bushels  per  acre,  at  the  weight  of 
33^  lbs.  per  bushel  ;*  one  of  oats  completely  dried  weighs  0.792; 
one  of  dried  oats  leaves  0.0398  of  ash : 


Carbon 

1. 
.     50.32 

II. 

51.09 

Hydrogen 
Oxygen    . 
Azote 

.       6.32 
.     37.14 
.       2.24 

6.44 

36.25 

2.24 

Ash 

-       3.98 

3.98 

100.00 

100.00 

OAT  STRAW. 

Oat  straw  is  estimated  at  about  1 5  cwts.  per  acre ;  one  part 
becomes,  when  dried  in  vacuo,  0.713;  one  part  burned  leaves 
0.0509  of  ash: 

*  This  is  but  a  light  weight  for  a  bushel  of  oats. — Eko.  Eo. 

HH 
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Carbon 

.    49.93 

50.25 

Hydrogen . 
Oxygen     • 
Azote 

.      5.32 
.     39.28 
.      0.38 

5.48 

38.80 

0.38 

Ash  . 

.      5.09 

5.09 

100.00  100.00 


FIBLD    BBBT    OR   MANOBL   WUBZBL. 


Oa  a  freshly  manured  so3|  the  average  produce  of  beet  at 
Bechelbronn  is  1 0  tons,  1 5  cwts.  1  qr.  per  acre.  The  worst 
crops  do  not  fall  below  5  tons,  2  cwts,  1  qr.  14  lbs.,  and  the  best 
do  not  exceed  1 6  tons,  7  cwts.  1  qr.,  results  which  I  took  occa- 
sion to  observe  varied  sensibly  from  those  obtained  in  different 
places.  I  stated  that  Schwertz  and  Thaer  make  the  average 
14  tons,  14  cwts.  2  qrs.  16  lbs.  Mcelinger,  after  taking  the 
mean  of  ten  years,  adopts  1 1  tons,  1  cwt.  3  qrs.  6  lb.  At  Ro- 
ville,  M.  de  Dombasle  speaks  of  7  tons,  3  cwts.  26  lbs.  as  the 
mean  of  seven  years. 

At  Bechelbronn,  the  leaves  of  the  beet  are  not  given  to  cattle ; 
they  are  left  upon  the  ground.  A  piece  of  beet-root  weighing 
1  oz.  16  dwts.  was  reduced  to  4^,  say  5  dwts.  after  being  stove 
dried.  After  complete  desiccation,  at  230^  F.  one  part  of  root 
became  0.122;  one  part  of  root  left  upon  incineration  0.0624 
of  residuum : 


Carbon 

.    42.75 

42.93 

Hydrogen 

.      5.77 

5.94 

Oxygen 

.    43.58 

43.33 

Azote 

.       1.66 

1.66 

Ash  . 

.      6.24 

6.24 

100.00  100.00 

RTB. 


Rye  is  seldom  introduced  into  the  rotation  at  Bechelbronn. 
They  reckon  its  produce  at  26  bushels  per  acre,  when  it  has  had 
a  supplementary  dose  of  manure.  TTie  bushel  weighs  fully 
58lbs.  I  have  taken  the  proportion  of  grain  to  straw  as  45  is 
to  100.  One  part  of  rye,  dried  at  230®  F.  weighed  0.834  ;  one 
part  incinerated  left  0.0237  of  ash  : 


ELEMENTS  OP  CROPS.  467 

t.  It.  ttt. 


Carbon 

46.85 

45.72 

46.38 

Hydrogen 

5.38 

5.70 

6.74 

Oxygen     . 

44.21 

44.52 

43.82 

Azote  .     . 

1.69 

1.69 

1.69 

Ash      .     • 

2.37 

2.37 

2.37 

100.00 

100.00 

100.00 

RY£    8TKAW. 

One  part  of  straw,  completely  dried,  weighed  0.813 ;  one  part 
of  which,  indneratedi  left  0.0368  of  ash : 

Carbon 49.88 

Hydrogen        •         •        •        •  5.58 

Oxygen 40.56 

Azote 0.30 

Ash 3.68 


100.00 

WHITE  PEAS 


Raised  on  manured  land  yielded  1 6  bushels  per  acre,  weighing 
fully  62  lbs.  per  bushel.  One  part  of  peas,  after  complete  desic- 
cation, weighed  0.914;  one  part  of  dried  peas  left  of  ash 
0.0314  : 


Carbon 

.     46.06 

II. 

46.94 

Hydrogen 

.       6.09 

6.24 

Oxygen     . 

.     40.53 

39  50 

Azote 

.      4.18 

4.18 

Ash  . 

.       3.14 

3.14 

100.00 

100.00 

PEA    STRAW. 

One  acre  of  peas  produces  about  22  or  23  cwts.  of  straw ; 
one  part  of  the  straw  after  desiccation  weighed  0.802 ;  one  part 
after  incineration  0.1 132  : 

Carbon 45.80 

Hydrogen        .        •        •         •  5.00 

Oxygen 35.57 

Azote 2.31 

Ash 11.32 


100.00 

H  H  2 
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JERUSALEM  POTATO  OR  ARTICHOKE. 


In  Alsace,  Jerusalem  artichokes  are  always  grown  on  one  and 
the  same  piece  of  land,  which  is  manured  every  two  years.  At 
Bechelbronn,  on  a  somewhat  shallow  soil,  the  produce  per  acre 
amounts  to : 


Tubers 
Dry  stems 


10  tons 
11^  cwts. 


A  tuber  which  weighed  on  being  taken  from  the  ground  1  oz. 
15,^  dwts.,  weighed  f^  dwts.  after  it  was  dried  in  the  stove.  After 
absolute  desiccation,  one  part  was  reduced  to  0.208  ;  one  por- 
tion of  the  dry  tuber  left  0.0594  after  incineration  : 


Carbon 

I. 
•     43.02 

II. 
43.G2 

Hydrogen . 
Oxygen     . 
Azote 

.       5.91 
.     43.56 
.       1.57 

5.80 

43.07 

1.57 

Ash  . 

.       5.94 

5.94 

100.00 


100.00 


DRIED    STEMS    OF   JERUSALEM    ARTICHOKES. 

These  stems  had  stood  through  the  winter  where  they  grew, 
and  were  almost  wholly  composed  of  pith.  One  part  after  de- 
siccation weighed  0.871  :  one  part  left  of  ash  0.0276. 


Carbon   . 

.     45.66 

Hydrogen 

.       5.43 

Oxygen  . 

.     45.72 

Azote 

.       0.43 

Ash         • 

.       2.76 

100.00 

I  fear  that  in  this  analysis  the  carbon  and  azote  are  rated  too 
low. 

I  have  collected  in  two  tables  the  results  of  the  analyses  as 
detailed  above.  The  first  exhibits  the  quantity  of  dry  matter 
and  moisture  contained  in  each  specimen  ;  the  other,  the  elemen- 
tary composition.  On  careful  examination  of  the  numbers 
given  in  the  second  table,  certain  substances  will  be  found  very 
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analogous  in  composition.  If  the  ashes  be  deducted,  the 
analogy  becomes  complete;  for  mnay  substances  differing  widely 
both  in  character  and  properties,  nevertheless  appear  to  possess 
the  same  composition  ;  a  feet  which  I  do  not  undertake  to  ex- 
plain. 


r    THE    FKOPOBTIOKB 


r   DIFrBRBHT 


SdIhUdch,  D17  matter.  Wmlcr. 

Wheat        ....  0.855  0.145 

Rye  ....  0.834  0.166 

Oats 0.792  0.208 

■Wheat-atraw       .         .         .  0.740  0.260 

Rye-straw  .         ,         .  0.813  0.187 

Oat-straw  ....  0.713  0.287 

Potato        ....  0.241  0.759 

Field.beet  .         .         .  0.122  0.878 

Turnip        ....  0.075  0.925 

Jerusalem  potato         .         .  0.208  0.792 

Peas  ....  0.914  0.086 

Pea-straw   ....  0.882  0.118 

Clover-hay  .         .         .  0.790  0.210 

Jerusalem  potato-stems         .  0.671  0.129 

COHFOSITIOIt  OF  THE  SAUB   SUDSr&ITCBS  DRIBD   IK   VACUO  AT  230°  FARB. 


.«,«.«.. 

Aih»  iDcludtd. 

AlhM  dWiBClrf.              1 

1 

1 

1 

i\i 

J 

t 

i 

1 

Wheat 

4fi.l 

ns.s 

4.1.4 

02.3  02.4 

47.2 

Ofi.n 

44.4 

02.4 

Rye    .        .        . 

4(i.-J 

75.6 

44.'2 

31.7  02.3  47.3 

)r..7 

45.301.7 

Oats    . 

50:7 

36.4 

%.? 

3'2.2  04.0'53.9 

)6.6 

38.2;02.3 

Wheat-straw 

4K.4 

35.3|38.9 

30.4 '07.0  52.1 

).i.7 

41. S  00.4 

Bye-straw    . 

4.t,.'l 

35.6  40.6 

30.3  03.6:51.8 

M.« 

42.100,3 

Oat-straw     . 

.ill.  I 

15  4 

39.U 

30.405.152.8 

15.7 

41.100.4 

Potato 

44. r 

li.fl 

44.7|01.5|04.0]45.9 

16.1 

46.4'01.6 

Field-beet    . 

43.f 

:).!.« 

43.4i01.7|06.3'45.7 

K.i 

46.3  01.8 

Turnip 

4:>.!1 

1)5.5 

42,  a 

D1.7'07.6  46.3 

.)(;.() 

45.9  01.8 

Jerusalem  poUto 

4K.1 

;i5.H 

43.3 

01.6106.0 146.0 

■t6.2 

46.1  01.7 

Peas     .         . 

4f>,5 

jfi.a 

40.(: 

)4.2 

)3.1 

4K.(1 

16.4 

41.3  04.3 

Pea-straw     . 

45. i 

Wd 

;!5.fi 

1?3 

ii,;i 

.il.5 

15,6 

40.3  02.6 

Clover-hay    . 

47.4105.0 

:i7  f 

ra,i 

17,7 

SI  .1 

35  4 

41.1  12.2 

stems 

45.705.4 

45.7 

00.4  j02 .9  47.0 

05.6 

47.0  00.4 
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RELATIONS    OF    MANURES   TO    CROPS. 

The  manure  employed  at  Bechelbronn  is  what  is  commonly 
called  farm-yard  dung,  a  compost  made  up  of  the  excrements  of 
horses,  oxen,  and  straw  litter  impregnated  with  urine.  The  dung 
of  fowls  and  pigeons,  and  the  sweepings  of  the  yard,  are  some- 
times applied  to  special  purposes.  The  animals  whose  excrements 
form  the  dung  which  I  have  examined  were  horses,  oxen  and  swine. 

The  manure  is  put  upon  the  ground  when  it  has  undergone 
fermentation  in  the  heap ;  it  is  manure  half-made :  the  straw 
litter  is  not  entirely  decomposed,  but  is  soft  and  filamentous ;  in 
this  state  manure  retains  a  great  deal  of  moisture. 

DESICCATION    OF    HALF-MADE    OR    HALF-DECATBD    MANURE. 

EXPERIMENT   I. 

A  quantity  of  manure  prepared  during  the  winter  1837-1 838, 
which  in  the  state  in  which  it  was  being  put  on  the  ground, 
weighed  257  lbs,  after  it  had  been  dried  so  as  to  be  easily 
reduced  to  powder,  weighed  5  7  lbs.  The  loss  of  water  was  there- 
fore about  77.3  in  100.  This  number  comes  very  near  the  esti- 
mate of  several  German  agriculturists,  who  reckon  the  moisture 
in  farm-yard  dung  at  75  per  cent.  Still  this  loss  does  not  re- 
present the  whole  of  the  water ;  for  after  desiccation  at  212®  F. 
the  57  lbs.  weighed  54  lbs.  In  fine,  after  desiccation  in  vacuo, 
at  230®  F.  it  was  found  that  one  part  of  stove-dried  manure 
lost  0.039.  Thus  the  manure  parted  in  totality  with  79.62  per 
cent  of  water,  and  contained  in  consequence  20.4  of  dry  sub- 
stance. 

EXPERIMENT   II. 

Of  the  manure  prepared  in  the  winter  1838-1839,  220  lbs. 
after  being  chopped  and  dried  weighed  5  6  lbs.  One  part  of  this 
manure  was  reduced  in  dry  vacuo  at  a  temperature  of  230°  F. 
to  0.872.  The  220  lbs.  would  therefore  have  weighed  when  dry 
48  lbs. 

EXPERIMENT    III. 

Of  the  manure  prepared  during  the  summer  of  1839, 
660  lbs.  weighed  ^fter  desiccation  151  lbs. ;  of  this  dry  manure 
reduc^  to  powderi  one  part  lost  by  desiccation  in  vacuo  at 
230®  F.  0.1461. 
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The  151  lbs.  would  therefore  have  lost  22  lbs. ;  consequently 
the  660  lbs.  of  manure  contained  129  lbs.  of  dry  matter,  that  is, 
19.64  per  cent. 

Subjoined  is  a  summary  of  the  per  oentage  of  dry  matter : 


Flret  experiment 
Second      „ 
Third 
Average    . 
Moisture  (average) 


20.4 
22.2 
19.6 
20.7 
79.8 


ANALYSES   OF   H^LP-MADI   MANUBS8. 

I.  Manure  prepared  during  the  winter  of  1837-1838  : 

Matter  0.5595,  gave  carbonic  acid  0.528,  water  0.157  :  C.  32.4,  H.  3.8, 
Azote  1.7 — 1.0  gave  ashes  0.462 

II.  Manure  prepared  during  the  winter  1837-1838  : 

Matter  0.575,  gave  carbonic  acid  0.676,  water  0.212:  C.  32.5.  H.  4.1, 
Azote  1.69. — 1.000  gave  ashes  0.357. 

III.  Manure  prepared  during  the  winter  1837-1838 : 

Matter  0.567,  gave  carbonic  add  0.791,  water  0.232 :  C.  38.7,  H.  4.5, 
Azote  1.73.— 1.000  gave  ashes  0.264. 

IV.  Manure  prepared  during  the  spring  of  1838 : 

Matter  0.586,  gave  carbonic  acid  0.759,  water  0.208 :  C.  36.4,  H.  4.0, 
Azote  2.4.— 1.000  gave  ashes  0.381. 

V.  Manure  prepared  during  the  spring  of  1839 : 

Matter  0.445,  gave  carbonic  acid  0.643,  water  0.171 :  C.  40.0,  H.  4.3, 
Azote  2.4.— 1.000  gave  ashes  0.257. 

VI. 

Matter  0.427,  gave  carbonie  acid  0.543,  water  0.150 :  C.  34.7,  H.  3.9. 
„      0.427,         „  „  0.530,       „      0.127:    „  34.3,  „  4.8, 

Azote  2.0. — 1.000  gave  ashes  0.315. 

COMPOSITION   OF   TBB    MANURES   ANALTSBD  : 


CartKm. 

Hydrogen. 

Aiote. 

SiUtt  it  Mrthfl. 

I. 

32.4 

3.8 

25.8 

1.7 

36.5 

II. 

32.5 

4.1 

26.0 

1.7 

35.7 

III. 

38.7 

4.5 

28.7 

1.7 

26.4 

IV. 

86.4 

4.0 

19.1 

2.4 

38.1 

V. 

40.0 

4.3 

27.6 

2.4 

25.7 

VI. 

34.5 

4.3 

27.7 

2.0 

31.5 

Mean     .     .     35.8  4.2  25.8  2.0  32.2 

In  all  these  analyses,  the  combustion  was  promoted  by  the 
addition  of  chlorate  of  potash ;  some  oxide  of  antimony  was 

HH  3 


472  RELATIONS    OF   ELEMENTS. 

likewise  added.     The  carbonic  acid  of  the  ash  was  determined 
and  struck  off. 

The  measure  of  dung  in  use  at  Bechelbronn  is  the  wagon 
drawn  by  four  horses.  After  repeated  weighings  it  was  found 
that  this  measure  contains  nearly  1  ton,  15  cwts.  2  qrs.  23  lbs. 
of  moist  material,  or  7  cwts.  1  qr.  1 5  lbs.  if  that  be  computed 
dry.  The  first  course  of  the  rotation  receives  27  loads  of  this 
manure,  weighing  about  48  tons,  14  cwts.  5  lbs.  equivalent  to 
,9  tons,  19  cwts.  0  qr.  2  lbs.  of  dry  manure.* 

The  preceding  analyses  show  that  this  charge  of  manure, 
which  is  to  fertilise  the  soil  during  the  course  of  the  rotation 
(five  years)  contains  : 


Carbon 

.     8027  lbs. 

Hydrogen 

.       925 

Oxygen 

.     5767 

Azote 

447 

Salts  and  earth 

.     7188 

22355 

Such  are  the  principles  which  together  form  the  organic 
matter  that  is  to  be  consumed  and  in  major  part  assimilated  by 
the  crops  grown.  I  say  partly,  because  I  do  not  believe  that 
the  whole  organic  matter  necessarily  enters  into  the  con- 
stitution of  the  plants  which  spring  up  during  the  rotation ; 
no  doubt  a  considerable  portion  of  the  manure  is  lost  through 
spontaneous  decomposition,  or  is  carried  away  by  the  rain ;  and 
another  portion  may  remain  a  long  time  dormant  in  the  soil,  to 
act  as  a  fertilizer  at  a  more  or  less  distant  period ;  just  as  in  the 
present  rotation  the  manure  formerly  introduced  co-operates 
with  that  recently  added.  One  thing  is  certain,  viz.,  that  the 
proportion  of  manure  indicated  is  essential  for  average  crops; 
by  diminishing  it  the  produce  is  necessarily  lessened.  Lastly, 
it  is  proved  that  after  the  rotation  the  crops  have  consumed  the 
manure,  and  the  earth  will  not  yield  its  increase  unless  a  fresh 
quantity  be  added. 

*  I  presume  that  the  quantity  above  specified  is  that  which  is  laid  on 
the  French  hectare,  equal  to  2.4  acres  English.  To  get  at  the  quantity 
laid  on  per  acre,  it  would  therefore  be  necessary  to  divide  by  2iV.  Thus 
48  tons,  14  cwts.  5  lbs.  per  hectare  will  be  equal  to  20  tons,  1  cwt.  3  qrs. 
per  English  acre. — Esq,  Ed. 
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I  now  proceed  to  consider  the  relation  subsisting  between  the 
quantity  of  organic  matter  buried  in  the  soil  as  manure,  and 
what  is  recovered  in  the  crops.  In  this  way  the  respective 
proportions  of  elementary  matter  which  various  crops  derive 
from  the  air  and  the  soil,  may  be  determined  approximately, 
and  a  knowledge  obtained  of  those  rotations  which  least  exhaust 
the  land,  or  in  other  words,  which  obtain  from  the  atmosphere 
the  largest  amount  of  organic  matter. 

The  rotations  set  down  in  Tables  I.  and  II,  are  those  de- 
finitively adopted  at  Bechelbronn,  and  throughout  the  greater  part 
of  Alsace.  These  two  rotations,  which  differ  only  in  the  hoed 
crop  introduced,  potatoes  in  one,  beet-root  in  the  other,  are  al- 
most identical ;  nearly  the  same  quantity  of  dry  matter  being 
produced  per  acre  and  nearly  the  same  quantity  of  organic  ma- 
terial withdrawn  from  the  atmosphere. 

The  rotation  No.  3  was  introduced  by  Schwertz  at  Hohenheim; 
theoretically,  it  is  one  of  the  most  advantageous ;  it  was  tried  at 
Bechelbronn  but  abandoned,  because,  from  meteorological  causes, 
peas  and  vetches  fail  frequently. 

Table  No.  4  shows  the  triennial  rotation  with  manured  fallow ; 
this  is  disadvantageous  in  point  of  theory.  The  organic  consti- 
tuents of  the  crop  exceed  but  little  those  of  the  manure.  Sup- 
posing that  even  the  whole  of  the  straw  were  converted  into  ma- 
nure, the  farmer  would  still  be  compelled  to  procure  manure  from 
abroad,  in  compensation  for  the  out-going  of  wheat.  It  is  thus 
obvious  why  triennial  rotation'  always  requires  a  great  deal  of 
meadow  land. 

In  table  No.  5,  the  result  of  the  continuous  cultivation  of  Jeru- 
salem artichokes  is  given.  At  Bechelbronn  these  are  dressed 
every  two  years  with  about  ten  loads  of  dung  per  acre.  Upon 
an  average  20  tons  of  tubers  and  about  2  tons  of  woody  stems 
are  gathered  in  the  course  of  two  years.  It  will  be  perceived 
from  perusal  of  this  table,  that  the  culture  of  Jerusalem  arti- 
chokes presents,  theoretically,  considerable  advantages.  The 
organic  matter  of  the  crop  greatly  exceeeds  that  of  the  manure. 
Moreover,  in  Alsace,  where  it  is  very  common,  it  is  held  to  be  most 
productive.  StiD,  the  organic  matter  of  the  stems  must  be  taken 
into  account,  which,  practically  speaking,  are  nearly  worthless. 
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Table  No.  6  comprises  the  data  relative  to  a  quadrennial  ro- 
tation, adopted  by  M.  Crud,  and  in  which  are  grown  successively : 
1st.  Potatoes  or  beet-root.  2nd.  Wheat.  3rd.  Red  clover. 
4th.  Wheat.  The  first  sowing  is  dressed  with  about  1 8  tons 
of  half-wasted  farm-yard  dung.  The  gain  in  organic  matter  ob^ 
tained  by  this  rotation  surpasses  that  of  the  preceding ;  but  as 
the  clover  crops  are  not  very  sure  when  repeated  every  four 
years,  M.  Crud,  for  reasons  which  may  be  called  in  question, 
follows  this  rotation  with  one  of  luoern,  which  gets  a  fresh  sup- 
ply of  manure.  It  cannot  be  denied  that  lucem  furnishes  a 
great  mass  of  fodder,  and  in  this  respect  the  fertility  of  the  land 
ought  to  be  vastly  enhanced,  were  this  consumed  on  the  spot ; 
but  I  can  discover  no  objection  to  the  renewal  of  clover,  if  the 
lucem  succeeds  so  well  as  M.  Crud  says  it  does.  From  too  fre- 
quent repetition,  farmers  have  gone  into  the  opposite  extreme  of 
cultivating  clover  only  every  five  or  six  years.  This  subject 
offers  an  important  field  for  research.  It  is  not  impossible  that 
the  ill-success  depends  often  on  premature  mowing  of  the  clover 
during  the  first  year  and  before  its  roots  have  acquired  sufficient 
vigour.  This  practice  has  been  abandoned  with  us  for  some 
years,  and  there  is  now  everything  to  assure  us  that  the  second 
year's  crop  is  thereby  secured, 

BOTATIQN   C0UR8B  No.  1. 


Tears. 

Subetancet. 

Crops 
per  acre. 

Crops 
dry. 

Carbon. 

Hydro- 
gen. 

Oxygen. 

Asote. 

SalU 

and 

earths. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

Itt 

Potatoes 

11783 

8838 

1244 

164 

1264 

42 

113 

3ud 

Wheat  .... 

1281 

1052 

485 

61 

457 

24 

25 

Wheat-straw        • 

3798 

3070 

1003 

110 

805 

8 

145 

8rd 

Clorer.hay    . 

4675 

8698 

1750 

185 

1^96 

78 

384 

Aik 

Wheat  .... 

1521 

1800 

599 

75 

564 

80 

31 

Wheat.strair 

8456 

2557 

1287 

185 

995 

10 

179 

Turnips  (2nd  crop) 

8754 

656 

28^3 

36 

278 

11 

50 

5th 

Oats      .... 

1283 

975 

494 

62 

358 

21 

89 

Oat-straw      . 

Total     .... 

1650 

1176 

598 

63 

458 

5 

60 

87060 

16807 

10286 

891 

6575 

229 

926 

Manure  employed 
Difference 

4495 

9814 

8436 

891 

2408 

185 

3999 

6998 

6810 

500 

1 

4172 

44 

2073 
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Tean. 

Substances. 

Crops 
per  acre. 

Crops 
dry. 

Carbon. 

Hydro- 
fen. 

Oxygen. 

Salts 
and 
earths. 

Itt 
2nd 

Srd 
4th 

5th 

Maufel  wursel 

Wheat  .... 

MTheat-straw 

CloTer-hay    .       .       . 

Wheat  .... 

Wheat-straw 

Turnips 

OaU      .... 

Oat-straw     . 

Total     .... 
Manure  employed 

Dlffereaee     • 

lbs. 
2388 
1086 
2468 
11676 
1620 
8466 
8764 
1232 
1650 

lbs. 
2907 

928 
1827 
8698 
1800 
2567 

656 

975 
1176 

lbs. 

1244 
428 
883 

1749 
699 

1287 
281 
495 
589 

lbs. 
157 

63 

98 
186 

76 
135 

36 

62 

63 

lbs. 
1262 

403 

710 
1396 

664 

995 

277 

368 

468 

lbs. 

49 

21 

7 
V 
80 
10 
11 
21 

6 

lbs. 
182 

22 
128 
284 

81 
179 

69 

39 

60 

27224 
4496 

16018 
9814 

7606 
8426 

864 
891 

6428 
2408 

231 
186 

976 
2999 

6704 

4079 

478 

4020 

46 

2024 

BOTATION   COUBSB   No.  3, 


TetTB. 

Substances. 

Crops 
per  acre. 

Crops 
dry. 

Carbon. 

Hydro- 
gen. 

Oxygto. 

Asole. 

SalU 

and 

earths. 

1st 
2nd 

Srd 
4th 

5th 
6th 

Potatoes 

Wheat  .... 

Wheat-straw 

Clorer-hay    .               . 

Wheat  .... 

Wheat-straw 

Turnips 

Peas  (dunged) 

Pea-straw 

Bye       .... 

Bye-straw     • 

Tbtal    .... 
Manures  aariployed 

Difference     .       • 

lbs. 
11788 
1231 
2796 
4676 
1615 
8456 
8754 
1001 
2558 
1689 
3420 

lbs. 
2828 
1064 
2070 
8693 
1300 
2558 

666 

916 
2256 
1278 
2780 

lbs. 
1244 

486 
1002 
1750 

699 
1238 

282 

425 
1033 

690 
1387 

lbs. 
104 
61 

no 

185 

75 
135 

3(t 

56 
112 

71 
155 

1160 
470 

lbs. 
1964 

457 

805 
1396 

664 

995 

278 

366 

803 

666 
1129 

lbs. 

42 

24 

8 
78 
30 
10 
11 
38 
52 
22 

8 

lbs. 
113 

26 
145 
284 

31 
179 

60 

28 
256 

80 
100 

14S280 
148286 

21388 
11176 

10036 
4000 

8622 
2888 

828 
223 

1240 
8699 

10212 

6035 

690    :    5739 

100 

2869 

BOTATION    COUBSB   No.  4. 


Tears. 

Substances. 

Crops 
per  acre. 

Crops 
dry. 

Carbon. 

Hydro- 
gen. 

Oxygen. 

Asote. 

Salts 

and 

earths. 

1st 
2nd  &8rd 

Dunged  fallow 
Wheat  .... 
Straw    .... 

Total     .... 
Manon  tnployed 

Difference            . 

lbs. 

•  • 

8041 
6876 

lbs. 

2600 
6080 

lbs. 

•  * 

961 
2462  . 

lbs. 
. . 

160 
270 

lbs. 

lis 

1979 

lbs. 

*. 
60 
20 

lbs. 

* . 
62 
866 

9916 
18880 

7680 
8796 

8413 
1368 

420 
160 

3107 
97B 

80 
76 

418 
1228 

8414 

3886 

2066 

261 

2128 

4 

804 
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No.  5,    CONTINUOUS    POTATO    CROP. 


Years. 

Substancet. 

1 
Crops 
per  acre. 

Crops 
dry. 

Carbon. 

Hydro- 
gen. 

Oxygen. 

Azote. 

Salts 

and 

earths. 

Ist  tc  2nd 

Potatoes 

sulks    .... 

Totil     .... 
Manure  employed 

D!fl*ereuce 

lbs. 
48473 
25850 

lbs 
10083 
22497 

lbs. 
4:566 
102H9 

lbs. 
585 
1215 

lbs. ,         lbs. 
4366     1       161 
10289             90 

lbs 
605 
630 

74323 
41663 

32580 
8624 

i;6.^5 
3087 

1800 
362 

14655     ,      251 
2225     '       172 

12.% 
2777 

23956 

11568 

1438 

12430     1        79 

1542 

No.  6,    QUATRENNIAL    ROTATION,    ADOPTED    BY    M.    CRUD. 


Years. 

Crops  grown. 

Crops 
per  acre- 

Crops 
dry. 

BLK.MBVTARY   INGRKOIKNTS   Of  THB   CROP. 

Carbon. 

Hydro- 
gen. 

Oxygen. 

Azote. 

Salts 

and 

earths. 

l8t 

2Dd  lie  4th 
did 

Half  acre  of  potatoes    . 
Ditto  of  beet- roots 
Wheat,  153  bushels      . 
Wheat.straw 
Clover,  three  cuttings  . 

ToUl     .      . 
Ilauurft  consumed 

Difference     .        . 

lbs. 
9167 
18;i33 
3331 
7333 
7333 

lbs. 
2209 
22.S7 
2847 
5243 
5793 

lbs. 

972 

957 

1312 

2537 

2746 

lbs. 
128 
130 
165 
278 
290 

lbs. 

987 

970 

1235 

2040 

2190 

lbs. 
33 
&S 
65 
21 
121 

lbs. 

88 
141 

68 
347 
446 

45497 
40333 

18329 
8349 

8524 
2989 

991 
350 

7422 
2154 

278 
167 

1110 
2688 

9980 

5535 

641         5268 

HI 

1578 

SUMMARY. 


• 

Ml 

Dry  manure 

expended  npon 

one  acre  in 

one  year. 

Asote  con- 
tained in  the 
manure. 

Dry  produce 

obtained  in 

one  year  upon 

one  acre. 

Axote  con- 

taiued  in  the 

produce. 

Gain  in 

organic  matter 

in  one  year 

upon  one 

acre. 

Gain  in 
azote  in  one 
year  upon  one 
acre. 

No.  1 
No.  2 
No.  9. 
No.  4 
No.  5. 
No.  6. 

lbs. 
1862 
18<>2 
1862 
1247 
8710 
20{<7 

lbs. 
37 
37 
37 
23 
86 
42 

lbs. 
3261 
3204 
3:>64 
2567 
16299 
45b2 
1 

lbs. 
46 
46 
54 
16 
125 
70 

lbs. 
19I«6 
1746 
2513 
1565 
12758 
2889 

lbs. 

9 

9 
17 

3 
39 
28 

From  all  that  precedes,  it  is  obvious  that  rotations  which 
include  trefoils,  red  clover,  lucerne,  and  sainfoin,  arc  those  that 
afford  considerably  the  largest  proportion  of  organic  matter ; 
a  fact,  indeed,  which  if  not  legitimately  established,  has  still 
been  long  acted  on  in  that  system  of  cropping  which  embraces 
forage  plants  as  an  element.  Lucernes,  too,  when  they  have 
taken  kindly,  yield  an  extraordinary  quantity  of  forage,  as  every 
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one  may  see  by  turning  to  the  produce  of  the  piece  under  that 
crop  v^hich  in  the  system  of  M.  Crud  succeeds  the  quatrentdal 
rotation.  At  the  end  of  his  rotation,  M.  Crud  always  lays  on 
manure  in  the  ratio  of  1 8  tons  per  acre,  which  lasts  for  six 
years,  and  may  be  said  to  suffice  for  the  succession  of  crops  in 
the  appended  table : 

Cropi.  Produce  per  acre.    Contents  in  axote. 

1st  year         .         .     30S01bs.  721bs. 


Lucem  dry, 


2nd  year 
3rd  year 
„  4  th  year 

„  5th  year 

Wheat,  6th  year 

Straw 


9240  215 

11458  269 

9240  213 

7333  172 

1448  28 

3645  11 


980 
Dung  employed    •         .         •         •  40233  205 

Total  gain  in  azote 775 

Ghdn  in  azote  per  annum  and  per  acre      •        •  130 

In  glancing  at  these  tables,  it  is  obvious  that  the  azote  of  the' 
crop  always  exceeds  the  azote  of  the  manure.  Generally  speak- 
ing, I  admit  that  this  excess  of  azote  is  derived  from  the 
atmosphere ;  but  I  do  not  pretend  to  say  in  what  precise  man- 
ner the  assimilation  takes  place.  I  shall  only  quote  the  con- 
clusion of  a  paper  which  I  published  on  the  subject  in  the  year 
1837.*  Azote  may  enter  immediately  into  the  constitution  of 
vegetables,  provided  their  green  parts  have  the  power  of  fixing 
it ;  azote  may  also  enter  vegetables  dissolved  in  the  water  which 
bathes  their  roots,  and  which  always  contains  it  in  a  certain 
proportion.  Lastly,  it  is  possible  that  the  air  may  contain 
an  infinitely  minute  quantity  of  ammoniacal  vapour,  as  some 
natural  philosophersf  have  maintained,  and  that  this  assimilated, 
decomposed,  and  recomposed  anew  by  the  plant,  is  the  source  of 
its  azotised  constituents. 

§  2.    OF  THE    RESIDUES   OF    DIFFERENT   CROPS. 

The  vegetable  matter  which  is  produced  in  the  course  of 

♦  Annales  de  Chimie,  t.  lxix,  p.  366. 

t  Saussure,  Recherches  Chimiques.  and  Liebig,  Agricultural  Chemistry. 
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a  season  is  never  found  entirely  in  the  crop.  A  certain  quantity 
of  it,  for  instance,  always  remains  in  the  ground.  It  Is,  there- 
fore, a  point  of  interest  to  ascertain  what  quantity  of  elementary 
matter  is  left  in  the  soil  after  each  kind  of  crop  in  the  rotation  ; 
precise  knowledge  of  this  description  may  even  be  important 
in  calculating  rotations,  for  it  is  obvious  that  the  remains  of  the 
crop  now  on  the  groimd  must  influence  that  which  is  to  follow, 
and  in  the  course  of  a  rotation  the  sum  of  the  residuary  matters 
must  be  regarded  as  a  supplement  or  addition  to  the  manure  put 
into  the  ground  at  its  commencement. 

In  the  systems  of  rotation  very  generally  followed  at  the 
present  time,  the  influence  of  these  residuary  matters  is  manifest, 
and  it  is  partly  by  their  means  that  we  can  explain  how  a 
quantity  of  manure,  frequently  very  moderate,  should  suffice  for 
the  whole  of  the  crops  in  a  productive  rotation.  The  remark- 
able effect  of  clover  has  not  failed  to  arrest  attention  even  from 
the  most  unobserving.  The  wheat  crop  which  comes  after  our 
drill  crop  in  Alsace,  beet  or  potatoes,  averages  from  1 8  to  20 
bushels  per  acre ;  but  the  wheat  crop  that  succeeds  our  clover 
averages  from  23  to  24  bushels  per  acre. 

The  improvement  of  the  soil,  so  obvious  in  connexion  with 
clover,  in  all  probability  also  occurs  in  connexion  with  the 
residues  of  other  crops ;  but  as  in  most  instances  the  residue 
merely  compensates  the  loss,  or  lessens  its  extent,  the  eflfect 
produced  is  less  remarkable,  and  is  less,  indeed,  in  amount. 
All  the  world  acknowledge,  then,  that  the  residues  of  the  crops 
that  enter  into  a  rotation  compensate  in  greater  or  less  degree 
for  what  is  carried  away  in  the  shape  of  harvest,  and  that  in 
some  cases  they  even  add  to  the  fertility  of  the  soil ;  for  in 
growing  crops  that  leave  a  large  quantity  of  residue,  it  is  pre- 
cisely as  if  a  smaller  quantity  were  taken  from  a  given  extent  of 
surface.  But  what  is  the  amount  of  residue  or  refuse  which 
is  returned  to  the  soil  by  such  and  such  a  crop  ?  What,  in  a 
word,  is  the  value  of  this  residuary  matter  considered  as 
manure  ?  This  is  a  point  upon  which  only  the  most  vague  and 
indefinite  ideas  are  generally  entertained ;  and  it  was  with  the 
purpose  of  substituting  positive  facts  for  mere  guesses  that  I 
determined  on  weighing  and  analysing  the  vegetable  residue  of 
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the  several  crops  that  enter  as  elements  into  our  more  usual 
rotations. 

My  experiments  were  made  upon  breadths  of  land  which 
varied  from  120  to  500  square  yards  in  extent.  The  clover 
roots  and  stubble  were  taken  up  with  the  spade,  and  before 
being  dried,  were  freed  from  adhering  earth  by  washing.  The 
beet-leaves  and  potato-tops  were  dried  at  once  in  the  oven; 
and  it  was  from  each  the  general  mass  reduced  to  powder  that 
samples  were  taken  for  ultimate  analysis,  before  proceeding 
to  which,  they  were  carefully  dried  in  vacuo  at  230^  F. 

It  is  not  likely  that  any  accurate  mean  result  should  have 
been  come  to  from  an  examination  of  the  produce  of  a  single 
season.  I  should  even  say  that  the  year  in  which  these  in- 
quiries were  undertaken  was  little  favourable  to  them,  inasmuch 
as  the  crops  were  generally  l)ad ;  but  it  is  obvious  that  they 
form  a  nucleus,  around  or  by  the  side  of  which  the  results  of 
other  seasons  may  be  arranged,  and  an  average  from  larger  pre- 
mises come  to. 

POTATO   TOPS    OB   HAUM. 

A  piece  of  land  measuring  120  square  yards,  marked  off 
from  a  spot  that  had  suffered  from  drought,  yielded  47.0  lbs.  of 
green  tops,  which  were  reduced  by  drying  to  18.4  lbs.  A  similar 
extent  of  surface,  selected  from  a  part  of  the  field  that  looked  well, 
gave  green  tops  79  lbs.  which  dried  in  the  air  were  reduced  to 
1 6  lbs.  We  should  thus  have  23^  cwts.  of  green,  and  6^  cwts. 
of  dry  tops  per  acre.  The  crop  of  potatoes  in  1839  yielded  at  the 
rate  of  101^  cwts.  per  acre.  One  hundred  grammes,  or  3  oz. 
4  dwts.  8  grs.  troy,  of  the  top  dried  in  the  air,  lost  12  grammes 
or  7  dwts.  17  grs.  by  thorough  drying  at  230®  F.  The  weight 
of  the  tops  yielded  per  acre,  taken  as  dry,  consequently  amounts 
to  5  cwts.  2  qrs.  14  lbs.  and  by  elementary  aneJysis  they  were 
found  to  have  the  following  composition : 

Carbon 44.8 

Hydrogen  .         .         •         .5.1 

Oxygen 30.5 

Azote 2.3 

Salto  and  earths  .     17.8 

100.0 
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LEAVES    OF   FIELD-BEET,    OB    MANGEL-WUEZEL. 

Upon  a  surface  of  500  square  yards,  9761bs.  of  leaves  were 
gathered,  the  weight  being  taken  two  days  aft^r  the  roots  were 
pulled  up. 

65  lbs.  of  leaves  reducible  to  powder  by  dr}ing  in  an  oven, 
were  brought  to  6.6  lbs. 

3  oz.  4  dwts.  of  leaves  dried  and  pulverized,  lost  by  desicca- 
tion at  230®  F.  3f  dwts.  of  moisture.  The  6.6  lbs.  brought  to 
that  state  of  dryness  would  have  weighed  6.1  lbs.  With  these 
data  it  is  found  that  the  976  lbs.  of  green  leaves  gathered  upon 
500  square  yards  would  have  weighed  when  dry  108.9  lbs. ;  and 
that  the  acre  produced  85f  cwts.  of  green  and  9f  cwts.  of  dry 
leaves.  The  crop  of  roots  which  answers  to  that  quantity  of 
leaves,  was  in  1839  but  6  tons,  2  cwts.,  that  is  to  say,  little 
more  than  half  a  crop  ;  for  our  average  is  about  10^  tons. 


COMFOSITIOK  OF  DET  LEAVES 


Carbon 

Hydrogen 

Oxygen     , 

Azote 

Salts  and  earth 


38.1 
5.1 

30.8 
4.5 

21.5 

100.0 


WHEAT   STUBBLR. 


From  1 20  square  yards  of  ground  we  have  obtained  1 3  lbs. 
of  stubble  dried  in  the  air.  The  same  surface  in  another  field 
produced  IT^lbs. 

Thus  we  have  5f  cwts.  of  stubble  per  acre ;  but  as  wheat  re- 
curs twice  in  the  rotation,  the  residues  must  be  doubled ;  say, 
1 1^  cwts.  Stubble  loses  0.26  of  moisture  when  dried  completely 
at  230^ 

In  1839,  the  wheat  after  the  drilled  crop,  or  after  clover,  w^as 
only  1 7  bushels  per  acre. 

I  have  assigned  to  stubble  the  same  composition  as  that  of 
straw. 
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CLOTBR  ROOTS. 

A  surface  of  1 20  square  yards  gave  44  lbs.  of  roots^  weighed 
after  being  thoroughly  dried  in  the  sun ;  when  pulverized  after 
diying  in  the  stove,  the  weight  was  reduced  to  37  lbs. 

3  oz.  4  dwts.  of  powdered  roots  lost  by  drying,  at  a  temperature 
of  230*  F.  5  dwts.  of  moisture.  Thus  the  44  lbs  of  roots  dried  in 
the  stove  would  have  weighed  34  lbs.,  and  one  acre  would 
have  furnished  1 2f  cwts.  of  residue  perfectly  dry. 

In  1839,  the  clover  crop  when  reduced  to  hay  was  &r  below 
the  average. 

C0MP08ITI0V  OF  THB  BOOTS. 

Carbon      .        •        .        •        •    43.4 
Hydrogen  •        .        •        .6.3 

Oxygen 36.9 

Azote        .,        ...       1.8 
Salts  and  earth .        #        •        •    12.6 

100.0 


OAT-STUBBLE. 


Thd  residue  of  the  oat  crop,  which  oondudes  the  rotation 
course,  does  not  act  upon  the  present,  but  on  the  next  rotation ; 
in  the  same  way  as  the  organic  remains  left  in  the  ground  by  the 
oats  which  terminated  the  antecedent  course,  exerted  their  influ- 
ence upon  the  present  one.  In  1 839,  the  oat  crop  was  above 
the  average ;  it  was  as  high  as  1 6  cwts.  2  qrs.  1 8  lbs.  per  acre. 

One  French  are  of  the  land,  equal  to  1 20  square  yards  Eng- 
lish, yielded  20  lbs.  of  stubble  dried  in  the  air,  or  at  the  rate  in 
round  numbers  of  8  cwts.  per  acre. 

In  the  fcJloWing  table  I  have  given  a  summary  of  the  results 
above  stated,  combining  therewith  the  quantity  and  the  compo- 
sition of  the  manure  expended  in  the  rotation. 


I  I 
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It,  therefore,  appears  that  the  refuse  or  residue  of  the  several 
crops  of  a  rotatioa  represent  both  va  quantity  and  nature  some- 
what less  than  one  half  of  the  manure  onginally  put  into  the 
ground;  I  say  somewhat  less,  because  it  must  be  remembered 
that  in  the  sum  of  these  residuary  matters,  the  beetroot  leaves 
and  potato  tops  must  not  be  allowed  to  stand  together,  the  one 
crop  naturally  excluding  the  other,  or  at  all  events  the  two  hoed  or 
drill  crops  not  entering  in  this  proportion  into  the  same  rotation. 

The  large  quantity  of  organic  matter  restored  to  the  soil  by 
several  of  the  crops  in  the  series,  consequently  explains  how  the 
rotation  may  be  dosed  without  its  being  found  indispensable  to 
supply  any  additional  manure  in  its  course.  It  seems  indubit- 
able that  without  this  addition  of  elementary  matter,  the  fertility 
of  the  soil  would  decline  much  more  rapidly  than  it  does ;  the 
residue  of  each  crop  is  nothing  more  than  a  portion  of  the  crop 
itself  restored  to  the  ground ;  it  is  as  if  we  only  carried  off  one 
portion,  the  larger  portion  of  the  crop,  and  buried  another  por- 
tion green. 

In  the  five  years'  rotation,  it  may  be  observed  that  there  are 
two  crops,  the  hoed  crop  and  the  forage  crop,  which  yield  sub- 
stances to  the  ground  that  are  both  abundant  in  quantity  and 
rich  in  azotised  matter,  and  it  is  unquestionable  that  these  crops 
act  favourably  on  the  cereals  which  succeed  them.  But  data 
are  wanting  for  the  appreciation  of  their  specific  utility  in  the 
general  rotation.  We  see,  for  instance,  that  despite  the  large 
proportion  of  residuary  matter  left  by  the  beet  or  mangel-wurzel, 
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this  plant  lessens  considerably  the  produce  of  the  wheat  crop 
that  comes  after  it.     The  potato,  though  it  leaves  much  less  re- 
fuse than  the  beet,  seems  nevertheless  to  act  less  imfavourably 
than  this  vegetable.     Clover  leaves  more  residue  than  the   po- 
tato, and  on  this  ground,  alone,   ought  to  favour  the  cereal  that 
follows  it ;  but  it  has  a  favourable  influence   out  of  all  propor- 
tion with  its  quantity,  contrasting  this  with  the  residue  of  either 
of  the  hoed  crops ;  a  fact  from  which  we  learn  that  the  visible 
appreciable  influence  of  the  residuary  matters  of  preceding  crops 
upon  the  luxuriance  of  succeeding  crops,  does  not  result  solely 
from  their  mass,  even  supposing  each  to  be  possessed  of  equal 
qualities ;  this  other,  this  additional  effect,  depends  especially  on 
an  influence  exerted  on  the  soil  by  the  crops  which  leave  them. 
Had  these  crops  been  powerfully  exhausting,  we  should  expect  that 
their  refuse  or  residue,  however  considerable  in  quantity,  could 
do  no  more  than  lessen  the  amount  of  exhaustion  produced ;  in 
which  case,  its  useful  influence,  however  real,  would  pass  unno- 
ticed, were  it  estimated  by  the  produce  of  the  succeeding  crop. 
If,  on  the  contrary,  a  crop  has  been  but  slightly  scourging, 
whether  in  consequence  of  the  smallness  of  its  quantity,  or  be- 
cause it  may  have  derived  from  the  air  the  major  part  of  its 
constituent  elements,  the  useful  influence  of  the  residue  will  not 
fail  to  be  conspicuous.     When  the  relative  value  of  different 
systems  of  rotation  are  discussed  in  the  way  we  have  done,  we 
in  fact  estimate  the  value  of  the  elementary  matter  derived  from 
the  atmosphere  by  an  aggregate  of  crops ;  but  the  procedure 
generally  followed  is  silent  when  the  question  is  to  assign  to  each 
crop  in  particular  the  special  share  which  it  has  had  in  the  total 
profit.     To  reply  to  this  question,  of  which  a  knowledge  of  the 
various  residues  is  one  of  the  elements,  we  must  first  ascertain 
the  quantity  of  elementary  matter  supplied  by  the  soil  and  the 
atmosphere,  with  reference  to  each  of  the  crops  which  enter  into 
the  rotation ;  in  other  words,  the  same  investigations  must  be 
xmdertaken  in  reference  to  each  plant  considered  by  itself,  that 
have  been  made  in  reference  to  the  series  collectively.     There  is 
unquestionable  room,  in  this  direction,  for  an  important  series  of 
experiments. 

I  I  2 
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§  3.   OF  THE   INORGANIC    SUBSTANCES    OF   MANURES   AND   CROPS. 

We  have  but  just  considered  the  organic  matter  developed  in 
a  series  of  successive  harvests.  To  complete  the  study  of  rota- 
tions, to  the  extent  at  least  that  this  can  be  done  in  the  present 
state  of  science,  we  have  still  to  examine  the  relations  that  may 
exist  between  the  mineral  substances  which  enter  into  the  con- 
stitution of  the  produce,  and  those  that  make  part  of  the  ma- 
nure given. 

We  have  already  shown  in  a  general  way  that  certain  mineral 
salts,  certain  saline  matters  or  salifiable  bases  are  essential  to  the 
constitution  of  vegetables.  To  the  best  of  my  knowledge  no 
seed  has  yet  been  met  with  that  is  without  a  phosphate ;  and  it 
is  now  known  that  the  alkaline  salts  powerfully  promote  vegeta- 
tion. 

Such  is  their  ascertained  influence,  indeed,  that  tobacco,  barley, 
and  buckwheat  sown  in  soils  absolutely  without  organic  matter, 
but  containing  saline  substances,  and  only  moistened  with  dis- 
tilled water,  produced  perfect  plants,  which  flowered  and  fruited, 
and  yielded  ripe  seeds.*  Whence  it  follows,  that  the  presence 
of  saline  matter  favours  remarkably  the  assimilation  of  the  azote 
of  the  atmosphere  during  the  act  of  vegetation. 

The  importance  of  considering  rotations  in  connexion  with 
the  inorganic  substances  that  are  assimilated  by  plants  was  par- 
fectly  well  known  to  Davy.  "  The  exportation  of  grain  from  a 
country  which  receives  nothing  in  exchange  that  can  be  turned 
into  manure,  must  exhaust  the  soil  in  the  long  run,"  says  the 
illustrious  chemist ;  who  ascribed  to  this  cause  the  present 
sterility  of  various  parts  of  Northern  Africa  and  of  Asia  Minor, 
as  well  as  of  Sicily,  which  for  a  long  succession  of  years  was  the 
granary  of  Italy.  Rome  unquestionably  contains  in  its  cata- 
combs quantities  of  phosphorus  from  all  the  countries  of  the 
earth. 

Professor  Liebig  in  insisting  with  the  greatest  propriety  on  the 
useful  part  played  by  alkaline  bases  and  saline  matters  in  vege- 
tation, has  shown  the  necessity  of  taking  inorganic  substances 
into  serious  consideration  in  discussing  rotations.  It  is  long  since 

*  Liebig  in  Journ.  de  Pharmacie,  vol.  iv,  3rd  series,  p.  94. 
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I  came  to  the  same  conclusion  myself;  but  it  strikes  me,  that 
to  be  truly  profitable,  such  a  discussion  must  necessarily  repose 
on  analyses  of  the  ashes  of  plants  which  have  grown  in  the 
same  soil,  and  been  manured  with  the  same  dung,  the  contents  of 
which  in  mineral  elements  were  abeady  known.     There  is  in 
fact  a  kind  of  account  current  to  be  established  between  the  in* 
organic  matter  of  the  crop  and  that  of  the  manure.     Although 
I  give  every  credit  to  the  fidelity  of  the  analyses  of  vegetable 
ashes  that  have  been  published  up  to  the  present  time,  I  have 
not  felt  myself  at  liberty  to  make  use  of  any  of  them  in  the  direc* 
tion  which  I  now  indicate.     I  have  not  thought  that  it  would  be 
fair  or  reasonable  to  contrast  such  heterogeneous  compounds,  as 
the  ashes  of  plants  grown  at  Geneva  and  Paris,  under  such  dis- 
similar circumstances,  with  those  of  vegetables  produced  on  a 
farm  of  Alsace,  where  the  point  to  be  explained,  through  the  re- 
sults of  this  contrast,  had  reference  to  a  particular  series  of 
agricultural  phenomena.     And  then  my  business  was  not  merely 
with  the  scientific  question ;  the  manufacturing  or  commercial 
element  in  the  consideration  also  touched  me.     I  had  to  ascer* 
tain  how  I  was  likely  to  stand  at  some  future  time,  did  I  pre- 
sume to  act  upon  the  conclusions  to  which  I  came.     There  was 
nothing  for  me  therefore  but  to  analyse  the  ashes  of  the  several 
vegetables  which  entered  as  elements  into  the  rotation  followed 
at  Bechelbronn,  but  confining  my  inquiries  to  that  portion  of 
the  v^table  which  is  looked  upon  particularly  as  the  crop,  so 
much  of  the  plant  as  remains  on  the  ground  and  is  turned  in 
again,  of  course  taking  nothing  from  it. 

The  ashes  examined  were  almost  all  fix)m  the  crops  of  1841, 
two  analyses  having  generally  been  made  of  each  substance : 
and  here  I  ought  to  say,  that  in  this  long  and  tedious  labour,  in 
which  I  spent  nearly  a  whole  year,  I  was  most  ably  seconded  by 
Mr.  Letellier.  By  way  of  preface,  I  should  say  that  in  these  ana- 
lyses, losses  will  frequently  be  apparent,  which  for  the  most  part 
exceed  the  limits  that  in  the  present  day  are  tolerated  in  the  more 
careful  operations  of  the  laboratory.  These  deficiencies,  which 
puzzled  me  a  good  deal  at  first,  I  by  and  by  discovered  to  pro- 
ceed fi*om  the  difficulty  of  incinerating  certain  vegetable  sab« 
stances  completely.    Wlien  the^  i^bpund  in  alkaline  salts,  they 
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leave  ashes  that  melt  so  readily,  that  it  becomes  difficult  to  pre- 
vent their  agglutination,  and  the  charcoal  that  is  not  consumed 
is  then  effectually  protected  ag^nst  any  further  action  of  the 
fire.  There  is  nothing  for  it  in  such  cases  but  to  incinerate  at 
the  lowest  temperature  possible,  and  then  a  little  moisture  is  apt 
to  be  left ;  the  charcoal,  however,  is  the  substance  that  occasions 
the  main  difficulty,  and  the  more  important  loss.  To  quote  one 
of  the  instances,  that  of  wheat,  where  the  loss  or  deficiency  is  as 
high  as  3.4  per  cent.  I  may  say  that  a  direct  inquiry  after  charcoal 
brought  it  out  equal  to  2,  by  which  the  actual  deficiency  is  re- 
duced to  0.4.  I  have  not,  however,  introduced  any  correction 
for  carbon,  but  present  the  reader  with  the  results  as  they  ac- 
tually presented  themselves  to  me.  Among  the  number  of  the 
products  of  the  analyses,  alumina  figures  beside  the  osdde 
of  iron.  Alumina  is  an  earth  which  I  have  always  met 
with  in  minimum  quantity  in  the  ashes  of  plants,  and  is 
perhaps  accidental ;  it  may  proceed  from  the  earth  which  ad- 
heres to  all  herbaceous  plants,  and  fi'om  which  it  is  so  difficult 
to  free  them  completely. 
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If  these  analytical  results  be  now  applied  to  the  produce  of  an 
acre  of  ground,  we  should  have  the  precise  quantities  of  mineral 
substances  abstracted  from  the  soil  by  each  of  the  several  crops 
that  enter  into  the  rotation.     Here  they  ar«  in  a  table : 
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Oa  looking  at  this  table  we  perceive  that  a  medium  crop  of 
wheat  takes  from  one  acre  of  ground  about  1 2  lbs.  and  a  crop  of 
beans  about  20  lbs.  of  phosphoric  acid  ;  a  crop  of  beet  takes 
1 1  lbs.  of  the  same  acid,  and  lartber,  a  very  large  quantity  of 
potash  and  soda.  It  is  obvious  that  such  a  process  t^uds  con- 
tinually to  exhaust  arable  land  of  the  mineral  substances  useful 
to  vegetation  which  it  contains ;  and  that  a  term  must  come 
when,  without  supplies  of  such  mineral  matters,  the  land  would 
become  unproductive  from  their  abstraction.  In  bottoms  of 
great  fertility,  such  as  those  that  are  brought  under  tillage  amidst 
the  virgin  forests  of  the  New  World  at  the  present  day,  it  may 
be  imagined  that  any  exhaustion  of  saline  matters  will  remain 
unperceived  for  a  long  succession  of  years ;  for  a  succession  of 
ages  almost.  And  in  South  America,  where  the  usual  prelimi- 
nary to  cultivation  is  to  bum  the  forest  that  stands  on  the 
ground,  by  which  the  saline  and  earthy  constituents  of  millions 
of  cubic  feet  of  timber  are  added  to  the  quantities  that  were  al- 
ready contained  in  the  soil,  I  have  already  had  occasion  to 
speak  of  the  ample  returns  which  the  husbandman  receives  for 
very   small  ptuns.*     Under  circumstances,  m  the  neighbour- 

*  The  first  breoke  of  the  early  English  aettlers  in  North  America  are 
now  either  very  indifferent  soila,  or  they  have  only  been  restored  to  aome 
portion  of  their  original  fertility  by  manuring ;  so  that  the  atipply  of  ferti- 
^  ia  not  iiMzluuutiUe. — ^Emo.  Ed, 
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hood  of  large  and  populous  towns  for  instance,  where  the  interest 
of  the  farmer  and  market-gardener  is  to  send  the  largest  possible 
quantity  of  produce  to  market,  consuming  the  least  possible 
quantity  on  the  spot,  the  want  of  saline  principles  in  the  soil 
would  very  soon  be  felt,  were  it  not  that  for  every  waggon-load 
of  greens  and  carrots,  fruit  and  potatoes,  corn  and  straw,  that 
finds  its  way  into  the  city,  a  waggon-load  of  dung  containing 
each  and  every  one  of  the  principles  locked  up  in  the  several 
crops,  is  returned  to  the  land,  and  proves  enough,  and  often 
more  than  enough,  to  replace  all  that  has  been  carried  away 
fi^m  it.  The  same  principle  holds  good  in  regard  to  inorganic 
matters,  which  we  have  already  established  with  reference  to  or- 
ganic substances. 

The  most  interesting  case  for  consideration  is  that  of  an  iso- 
ated  farming  establishment — ^a  rural  domain,  so  situated  that  it 
can  obtain  nothing  from  without,  but  exporting  a  certain  pro- 
portion of  its  produce  every  year,  has  stiU  to  depend  on  itself  for 
all  it  requires  in  the  shape  of  manure.  I  have  already  shown 
with  sufficient  clearness,  I  apprehend,  how  it  is  that  lands  in  cul- 
tivation derive  from  the  atmosphere  the  azotised  principles  neces- 
sary to  replace  the  azotised  products  of  the  farm,  which  are  con- 
tinually carried  away  in  the  shape  of  grain,  cattle,  &c.  I  have 
now  to  show  how  the  various  saline  substances,  the  alkalies^  the 
phosphates,  &c«,  which  are  also  exported  incessantly,  are  replaced. 
I  believe  that  I  shall  be  able,  with  the  assistance  of  chemical 
analysis,  to  throw  light  on  one  of  the  most  interesting  points  in 
the  nature  and  history  of  cropping,  and  succeed  in  practically 
illustrating  the  theory  of  rotations^  In  what  is  to  follow  imme- 
diately, I  shall  always  reason  on  the  practical  data  collected  at 
Bechelbronn,  and  which  have  already  served  for  the  illustration 
of  other  particulars.  My  farm,  I  may  say  by  way  of  prelimi-* 
nary,  is  an  ordinary  establishment ;  the  lands  which  have  been 
brought  by  a  system  of  rational  treatment  to  a  very  satisfactory 
state  of  fertility  are  not  rich  at  bottom  and  originally,  and  they 
fall  off  rapidly  if  they  have  not  the  dose  of  manure  at  regular 
intervals  which  is  requisite  to  maintain  them  in  their  state 
of  productiveness. 

My  first  business  was  to  determiiie  the  nature  and  the  quat^ 
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tity  of  the  mineral  substances  contained  in  my  manure;  and 
with  a  view  to  arrive  at  this  information,  I  burned  considerable 
quantities  of  dung  at  different  periods  of  the  year,  mixed  the 
ashes  of  the  several  incinerations,  and  from  the  mixture  took 
a  sample  for  ultimate  analysis.  The  mean  results  are  repre- 
sented by: 


{Carbonic 
Phosphoric 
Sulphuric 
Chlorine 
Silica^  sand 
Lime    .         •        • 
Magnesia 

Oxide  of  iron,  alumina 
Potash  and  soda   • 


3.0 
3.0 
1.9 
OS 
66.4 
8.6 
3.6 
6.1 
7.8 


100.0 


But  our  farm-yard  dung  is  not  the  only  article  we  are  in  the 
habit  of  giving  to  our  land ;  it  farther  receives  a  good  dose  of 
peat-ashes  and  gypsum.  I  here  recal  to  the  reader's  mind 
that  the  mean  composition  of  peat-ashes  is  this : 


Silica 

,     65.5 

Alumina       •        •        •        •        . 

.     16.2 

Lime    ••..». 

6,0 

Magnesia     •        .        .        •        . 

0.6 

Oxide  of  iron        •         •         .        , 

3.7 

Potash  and  soda    •         •         •         . 

.       2.3 

Sulphuric  acid       •         .        •         . 

5.4 

Chlorine       •        «        •        •        < 

.      0.8 

100  0 

In  the  system  followed  at  Bechelbronui  the  fiirm-yard  dung 
laid  upon  an  acre  contains  26  cwts.  3  qrs.  of  ashes.  On  our 
clover  leas  we  spread  the  first  year  7  cubic  feet  of  turf-ashes ; 
and  in  the  beginning  of  spring  of  the  second  year,  we  lay 
on  as  much  more,  say  1 4  cubic  feet,  in  all,  weighing  about  2 
tons.  I  do  not  take  the  8  cwts.  of  gypsum  whidi,  in  con- 
formity with  usage,  the  second  year's  clover  generally  receivesi 
because  I  believe  this  addition  to  be  perfectly  useless  after  the 
very  sufficient  dose  of  peat-ash  which  we  employ. 

The  whole  of  the  mineral  substances  given  to  the  land  in  the 
course  of  five  years  per  acre  is  as  follows,  viz. :  Ashes  contauie4 
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in  the  manure  and  in  the  peat-ashes,  7624  lbs. ;  consisting  of 
phosphoric  acid  90  lbs.,  sulphuric  acid  304  lbs.,  chlorine  4.5  lbs, 
lime  532.5  lbs.,  magnesia  135.6  lbs.,  potash  and  soda  339  lbs., 
silica  and  sand  4630  lbs,  oxide  of  iron,  &c.  353  lbs. 

It  is  therefore  easy  to  perceive,  from  the  preceding  data,  that 
what  with  the  manure  and  the  ashes  it  receives,  the  land  is  more 
than  supplied  with  all  the  mineral  substances  required  by  the 
several  crops  it  produces  in  the  course  of  the  rotation.  Let  us 
cast  a  glance  over  these  with  reference  to  their  mineral  or  inor- 
ganic constituents,  as  we  have  already  done  in  so  far  as  the 
organic  matters  are  concerned ;  let  us  compare,  in  a  word,  the 
quantity  and  the  nature  of  the  mineral  substances  removed  in 
the  course  of  five  successive  years  in  contrast  with  the  quantity 
and  the  nature  of  the  same  substances  supplied  at  the  commence- 
ment of  the  series,  and  we  shall  find  that  the  sums  of  the  phos- 
phoric acid,  sulphuric  acid,  and  chlorine,  and  of  the  alkaline  and 
earthy  bases  of  the  crops,  are  always  smaller  than  the  quantities 
of  the  same  substances  which  exist  in,  and  are  supplied  to  the 
arable  soil. 

I  shall  institute  the  comparison  with  the  rotation  No.  1 ,  which 
begins  with  potatoes  ;  and  farther  with  a  continuous  crop  which, 
as  the  one  that  is  most  common  and  convenient,  shall  be  Jeru- 
salem artichokes.  I  have  not  thought  it  advisable  to  discuss 
the  rotation  No.  2,  in  which  beet  replaces  the  potato,  because  the 
ashes  of  these  two  crops  are  so  much  alike,  that  it  may  be  as- 
sumed to  be  matter  of  indifference  which  of  the  two  enters  as 
the  drill-crop  element  into  the  series.  With  reference  to  the 
Jerusalem  artichoke,  I  shall  only  remind  the  reader  that  the 
piece  of  land  where  it  grows  receives  a  dose  of  manure  every 
two  years,  in  the  proportion  of  4 1 245  lbs.  per  acre,  which  manure 
contains  2776  lbs.  of  mineral  constituent.  Farther,  in  the  course 
of  each  winter  peat-ashes,  in  the  ratio  of  2700  lbs.  per  acre  are  laid 
on  the  land ;  and  that  the  stems  are  generally  incinerated  on  the 
spot,  and  the  ashes  they  contain  returned  directly  to  the  soil. 
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It  was  at  one  time  asserted,  that  in  order  to  ensure  to  a  crop 
of  wheat  the  necessary  quantity  of  phosphates,  its  cultivatioo 
was  preceded  by  one  of  roots  or  tubers  or  leguminous  plants,  which 
were  supposed  to  contfun  a  much  less  proportion  of  these  salts. 
By  reference,  however,  to  the  table  of  mineral  substances  removed 
from  the  soil  by  different  crops,  the  absurdity  of  such  reasoning 
becomes  evident.  For  example,  beans  and  haricots  take  20  and 
13.7  lbs.  of  phosphoric  acid  from  every  acre  of  land;  potatoes 
and  beet-root  &om  the  same  surface  take  but  1 1  and  1 2.8  lbs. 
of  that  acid,  exactly  what  is  found  in  a  crop  of  wheat.  Trefoil  is 
equally  rich  in  phosphates  with  the  sheaves  of  com  which 
have  gone  before  it,  and  this  large  dose  of  phosphoric  acid 
withdrawn  from  the  soil,  will  nowise  diminbh  the  amount  which 
will  enter  into  the  wheat  that  will  by  and  by  succeed  the  arti- 
ficial meadow.  It  may  be  readily  understood,  that  if  the  ground 
contains  more  than  the  quantity  of  mineral  substances  necessary 
for  the  total  series  of  crops  in  a  rotation,  it  is  a  matter  of 
indifference  whether  the  crops  draw  upon  the  soil  m  any  par- 
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ticular  order,  and  these  succeed  according  to  rules  generall] 
adopted  for  quite  different  reasons.  It  suits  well,  for  instance,  U 
begin  a  rotation  with  a  drill  crop  sown  in  spring,  and  whicl 
consequently  follows  in  our  system  the  oats  which  closed  th< 
preceding  rotation ;  it  is  a  great  advantage  to  be  able  to  collect  anc 
cart  out  the  manure  during  winter.  Besides,  the  order  is  quit< 
at  the  farmer's  discretion,  and  there  are  places  where  from  par< 
ticular  reasons,  quite  another  course  is  pursued.  One  part  oi 
the  produce  returns,  as  has  been  shown,  to  manure,  after  havioj 
served  as  fodder  for  the  animals  belonging  to  the  farm.  Th< 
inorganic  matters  are  restored  to  the  earth  from  which  thej 
came,  deducting  the  fraction  assimilated  in  the  bodies  of  the 
cattle.  Lastly,  the  whole  of  the  wheat  and  a  certain  amount  ol 
flesh  will  be  exported,  and  with  these  a  notable  quantity  ol 
inorganic  matter.  Thus,  in  the  above  described  rotation  of  five 
years,  the  minimum  exportation  of  saline  substances  which 
must  be  removed  from  every  acre  of  land,  may  be  represented 
by  27^  lbs.  of  phosphoric  acid  and  from  36  to  45  lbs.  of  alkali ; 
this  is  just  so  much  lost  for  the  manure,  and  as  there  is  defini- 
tively found  at  the  end  of  the  rotation  a  quantity  of  manure  equal 
and  nearly  similar  to  that  disposed  of  at  the  commencement,  it  is 
essential  that  the  loss  of  mineral  substance  be  made  up  from 
without,  unless  it  be  naturally  contained  in  the  soil. 

In  my  first  researches  on  the  rotation  of  crops,*  I  stated 
that  wherever  there  are  exportable  products,  it  becomes  indis- 
pensable to  keep  a  large  proportion  of  meadow  land,   quoting 

J  as  an  extreme  case,  the  triennial  rotation  with  manured  sum- 

mer-fallow. It  is,  in  fact,  the  meadow  which  restores  to  the 
arable  land  the  principles  which  have  been  carried  off.  This 
point,  advanced  upon  analogy,  is  amply  confirmed  by  the  results 
of  analysis. 

I  have  examined,  in  reference  to  this  question,  the  ashes  of 
the  hay  of  our  meadows  of  Durrenbach,  irrigated  by  the  Sauer. 
The  analyses  were  made  with  ashes  furnished  by  the  crops  of 

j  1841  and  1842. 

*  Memoir  commimicated  to  the  Acad^mie  des  Sciences,  in  1838. 
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I.  11.  III.        AvfTM*, 


rCarboaic 

.9.0 

5.5 

90 

7.8 

Acids    <  Phosphoric  5.3 

5.3 

5,5 

5.4 

t  Bulphiiric 

2.4 

2.9 

>> 

2.7 

Chlorine          • 

.2.3 

2.8 

ff 

2.6 

Ldme 

20.4 

15.4 

99 

17.9 

Magnesia 

.  6.0 

8.3 

9* 

7.2 

Potash    . 

16.1 

27.3 

99 

21.7 

Soda       •        • 

.1.2 

2.3 

99 

1.8 

Silica 

33.7 

29.2 

9* 

31.5 

Oxide  of  iron,  &c. 

.1.5 

0.6 

0.5 

0.9 

Lobs 

.2.1 

0.4 

»» 

1.0 

100.0         100.0  100.0 

No.  1  yielded  6.0  per  cent  of  ash. 

No.  2       „      6.2      idem. 

In  admitting  as  the  average  yearly  return  of  our  irrigated 
meadows,  3666  Ihs.  of  hay  and  after-grass  for  the  acre,  it  ap- 
pears that  we  obtain  from  a  corresponding  surface  of  land 
223.6  lbs.  of  ash,  containing : 

r  Carbonic     .         .         •     16.3 


Acids    <  Phosphoric 

.     12.1 

I,  Sulphuric 

6.0 

Chlorine            •         .         •         , 

5.7 

Lime         •         .         •         .         . 

39.1 

Magnesia           .         . 

.     16.1 

Potash  and  soda 

.     52.0 

Silica        •         .         •         .         , 

,     70.4 

Oxide  of  iron,  and  loss        .         , 

»       4.2 

221.9* 

In  reckoning,  as  I  have  done,  the  lowest  annual  exportation 
of  mineral  substance  from  one  acre  of  arable  land  at  5.5  lbs.  of 
phosphoric  acid  and  8.2  lbs.  of  alkali  (potash  and  soda),  there 
musty  in  order  to  make  up  for  loss,  arrive  each  year  at  the 
farm  a  quantity  of  hay  corresponding  to  about  1 800  lbs.  for 
every  acre  of  ploughed  land,  which  would  establish  between 
the  arable  and  meadow  land,  a  relation  somewhat  less  than  1  to  |- 

In  practice,  the  relation  in  question  is  sensibly  less  than  that 
deduced  from  analysis ;  in  some  farms  the  meadow  land  only  oc- 
cupies a  fourth  or  fifth  of  the  whole  surface.  When  rye  replaces 
wheat,  the  extent  in  meadow-land  may  be  still  more  limited.  It 
deserves  notice,  that  I  have  supposed  the  arable  land  as  destitute 
of  proper  inorganic  matter,  and  that  all  came  from  the  manure 

*  The  sum  is  only  too  soiaU  here  from  the  number  of  places  of  decimals 
not  having  been  carried  out  far  enough. — ^Eng.  En. 
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i  ■  ashes  and  lime  laid  on,  which  is  not  rigorously  true.     There  are 

soils  containing  traces  of  phosphates,  and  it  is  difficult  to  find  day 
or  marl  exempt  from  potash.  Nevertheless,  many  clear-headed 
practical  men  begin  to  suspect  that  meadow  has  been  too  much 
sacrificed  to  arable  land.  In  localities  placed  in  similar  con- 
ditions to  those  in  which  we  are,  removed  from  every  source  of 
organic  manures,  which,  as  I  have  shown  in  concert  with 
M.  Payen,  are  always  furnished  with  saline  principles,  an 
1  attempt  has  been   made  to  imitate  what  is  done  in   more  fa- 

'•.  voured   districts,   where  it   is    possible,   for  example,     to     add 

animal  remains  to  the  manure.  The  corn  crops  felt  this  new 
procedure  ;  nor  could  it  be  otherwise.  But  now  there  is  a  reaction 
in  the  opposite  sense,  and  I  could  name  most  thriving  establish- 
ments, where  one  half  of  the  farm  is  in  meadow.  The  ever- 
increasing  demand  for  butcher-meat  will  further  this  movement, 
g*  to  the  great  advantage  of  the  soil.     In  consequence  of  our  pecu- 

liar position  at  Bechelbronn,  nearly  half  our  land  is  meadow, 
which  allows  of  a  large  exportation  of  the  produce  of  the  arable 
land.  In  applying  the  results  of  the  preceding  analyses,  I  find 
that  each  year,  provided  there  is  no  loss,  the  hay  ought  to  bring 
at  least : 

1254  lbs.  of  phosphoric  acid 


627 

602 

4155 

sulphuric  acid 

chlorine 

lime 

1672 
5456 
7312 

»» 

magnesia 
potash  and  soda 
silica 

1.  This  large  amount  of  mineral  substances  is  supplied  by  the 

meadows,  which  have  no  other  manure  than  the  water  and  mud 
thereby  deposited,  after  flowing  over  the  Vosges'  fi-eestone  ;  they 
receive  no  manure  fi-om  the  farm,  but  are  merely  earthed  with  the 
sludge  and  mire  borne  down  by  the  stream;  these  are  real 
sources  of  saline  impregnation.  Meadows  without  running 
water  ought  not  to  be  ranged  in  the  same  category,  they  only 
give  the  principles  naturally  contained  in  them ;  hence,  they  must 
be  always  manured  every  three  or  four  years,  and  indeed,  if  not 
situate  upon  a  naturally  rich  soil  are,  according  to  my  experience 
very  far  from  profitable. 

The  excess  of  mineral  matters  introduced  into  the  ground 
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over  those  that  issue  with  the  crops,  an  excess  that  ought  always 
to  be  secured  by  judicious  management,  enriches  the  soil  in 
saline  and  alkahne  principles  which  accumulate  in  the  lapse  of 
years,  just  as  vegetable  remains  and  azotised  organic  principles 
accumulate  under  a  good  system  of  rotation.  By  this,  even  in 
localities  the  most  disadvantageously  situate  for  the  purchase  of 
manure,  temporary  reciurence  may  be  had  to  the  introduction 
of  such  crops  as  flax,  rape,  &c.  which  being  almost  wholly 
exported,  leave  little  organic  residuum  in  the  earth,  and  at  the 
same  time  carry  off  a  considerable  quantity  of  mineral  substance ; 
circumstances  which  determine,  as  may  be  easily  conceived,  the 
maximum  of  exhaustion,  and  for  that  reason,  tend  to  reduce 
a  soil  becoming  over-rich  to  what  may  be  called  the  standard 
fertility. 

In  reviewing  the  chief  points  examined,  it  will  be  seen,  that 
as  far  as  regards  organic  matter,  the  systems  of  culture  which 
in  borrowing  most  from  the  atmosphere,  leave  the  most  abun- 
dant residues  in  the  land,  are  those  that  constitute  the  most  pro- 
ductive rotations.  In  respect  to  inorganic  matter,  the  rotation 
to  be  advantageous,  to  have  an  enduring  success,  ought  to  be  so 
managed  that  the  crops  exported  should  not  leave  the  dung-hill 
with  less  than  that  constant  quantity  of  mineral  substance  which 
it  ought  to  contain.  A  crop  which  abstracts  from  the  ground 
a  notable  proportion  of  one  of  its  mineral  elements,  should  not 
be  repeatedly  introduced  in  the  course  of'  a  rotation,  which  de- 
pends on  a  given  dose  of  manure,  unless  by  the  effect  of  time 
mineral  element  has  been  accumulated  in  the  land.  A  clover 
crop  takes  up,  for  example,  77  lbs.  of  alkali  per  acre.  If  the 
fodder  is  consumed  on  the  spot,  the  greater  portion  of  the 
potash  and  soda  will  return  to  the  manure  after  passing  through 
the  cattle,  and  the  land  eventually  recover  nearly  the  whole  of 
the  alkali.  It  will  be  quite  otherwise  if  the  fodder  is  taken  to 
market ;  and  it  is  to  these  repeated  exportations  of  the  produce 
of  artificial  meadows  that  the  failure  of  trefoil  now  observed 
in  soils  which  have  long  yielded  abundantly,  is  undoubtedly  due. 
Accordingly,  a  means  has  been  proposed  of  restoring  to  these 
lands  their  reproductive  power,  by  applying  alkaline  manure.* 
If  under  such  circumstances  carbonate  of  soda  would  act  as 

*  Information  communicated  by  M.  Schattenmann. 
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favourably  as  carbonate  of  potash  or  wood*ashes,  the  soda  ntik, 
in  spite  of  its  commercial  value,  might  prove  servioeaUe,  and 
deserves  a  trial. 

The  lime  manures  naturally  promote  the  growth  of  plants  of 
which  calcareous  salts  form  a  constituent;  but  here  a  cajntal 
distinction  must  be  made.  A  soil  may  contain  from  1 5  to  20 
in  the  100  of  lime,  and  still  be  unable  to  dispense  with  calcareous 
manure ;  because  the  lime  is  in  some  other  state  than  as  it  exists 
in  chalk,  as  in  the  rubbish  of  pyroxene,  mica,  serpentine,  aad 
the  like.  A  soil  of  this  kind,  although  replete  with  lime, 
might  still  require  gypsum  for  artificial  meadow,  and  chalk  tar 
wheat  and  oats.  It  is  from  the  carbonate  that  plants  of  rapid 
growth  derive  the  lime  essential  to  them,  as  was  established  by 
the  researches  of  Rigaud  de  Lille,  researches  which  have  been 
censured  by  agricultural  writers  to  whom  they  were  unintel- 
ligible. I  advocate  the  opinion  of  Rigaud,  because  in  the  Andes 
of  Riobamba,  I  have  seen  lucerne  growing  in  augitic  rubbisfa, 
very  rich  in  calcareous  matter,  and  yet  greatly  benefited  by 
limeing. 

The  operation  of  gypsum  is  to  introduce  calcareous  matter 
into  plants.  This  I  have  endeavoured  to  demonstrate  from  the 
analysis  of  the  ash  on  the  one  hand,  and  on  the  other,  fit>m  the 
consideration  that  finely  divided  carbonate  of  lime,  as  it  escists  in 
wood-ashes,  acts  with  equal  efficacy  upon  artificial  meadows. 
By  what  means  gypsum,  if  it  does  not  enter  the  vegetable  as 
a  sul{^ate,  parts  with  its  sulphuric  acid,  is  at  present  conjee* 
turaL  It  appears  highly  probable  that  calcareous  matter  is 
chiefly  ben^cial  from  the  particular  action  it  exercises  on  the 
fixed  ammoniacal  salts  of  the  manure,  transforming  these  suc- 
cessively, slowly,  and  as  they  may  be  wanted,  into  carbonate  of 
ammonia.  In  the  most  favourable  condition,  the  earth  is  only 
moist,  not  soaked  with  ifs'ater,  but  permeable  to  the  air.  New 
researches  will  perhaps  illustrate  the  utility  of  ammoniacal 
vapours  thus  developed  in  a  confined  atmosphere,  where  the 
roots  are  in  operation.  At  least,  it  would  be  difficult  to  assign 
any  oth^  office  to  chalk  in  the  marling  or  limeing  of  land 
intended  for  com,  when  we  know  how  little  lime  com  absorbs.  If, 
kideed,  gypsum  promotes  the  vegetation  of  trefoil,  lucem,  saint- 
foin,  &c.  by  furnishing  the  needfril  calcareous  dement,  it  could  not 
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fail  to  exercise  an  equally  favourable  agency  upon  wheat  and  oats, 
did  they  require  it.  The  experiments  adduced  prove  it  not  to  be 
so,  and  their  results  are  in  some  measure  corroborated  by  analysis. 
Thus,  if  we  compare  the  diflFerent  quantities  of  lime  withdrawn 
from  the  soil  by  trefoil  and  com,  we  find  them  as  follows : 

The  clover  crop  takes  from  I  acre  of  ground  nearly  70  lbs.  of  lime 
Wheat  „  „  „  16 

Oat  ,,  „  ,,  6.4      „ 


With  this  comparison  before  us,  it  seems  evident  that  if  the 
marling  and  limeing  of  com  lands  had  no  other  object  than 
the  introduction  of  the  minute  portion  of  lime  which  is  encoun- 
tered in  the  crops,  it  would  be  difiicult  to  justify  the  enormous 
expenditure  of  calcareous  carbonate  which  is  proved  by  daily 
experience  to  be  advantageous. 

It  may  be  inferred  from  the  foregoing,  that  in  the  most  fre- 
quent case,  namely,  that  of  arable  lands  not  sufficiently  rich  to 
do  without  manure,  there  can  be  no  continuous  cultivation 
without  annexation  of  meadow ;  in  a  word,  one  part  of  the  farm 
must  yield  crops  without  consuming  manure,  so  as  to  replace  the 
alkaline  and  earthy  salts  that  are  constantly  withdrawn  by  succes- 
sive harvests  from  another  part. .  Lands  enriched  by  rivers  alone 
permit  of  a  total  and  continued  export  of  their  produce  without  ex- 
haustion. Such  are  the  fields  fertilized  by  the  inundations  of  the 
Nile ;  and  it  is  difficult  to  form  an  idea  of  the  prodigious  quantities 
of  phosphoric  acid,  magnesia  and  potash,  which  in  a  succession  of 
ages  have  passed  out  of  Egypt  with  her  incessant  exports  of  corn. 

Irrigation  is,  without  doubt,  the  most  economical  and  efficient 
means  of  increasing  the  fertility  of  the  soil,  out  of  the  abundant 
forage  which  it  produces,  and  the  resulting  manure.  Plants  take 
up  and  concentrate  in  their  organs  the  mineral  and  organic 
elements  contained  in  the  water,  sometimes  in  proportions  so 
minute  as  to  escape  analysis ;  just  as  they  absorb  and  condense, 
in  modified  forms,  the  aeriform  principles  which  constitute  but 
some  10,000th  parts  in  the  composition  of  the  atmosphere.  It 
is  thus  that  vegetables  collect  and  organize  the  elements  which  are 
dissolved  in  water,  and  diweminated  through  the  earth  and  the 
air,  as  a  preparative  to  their  being  assimilated  by  animals. 
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CHAPTER  VIII. 

OF  THE   FEEDING    OF    THE   ANIMALS    BELONGING  TO    A   FARM; 
AND   OF  THE   IMMEDIATE   PRINCIPLES   OF  ANIMAL    ORIGIN. 

§  I.    ORIGIN    OF   ANIMAL    PRINCIPLES. 

It  is  now  generaUy  admitted  that  the  food  of  animals  must 
necessarily  contain  azote ;  and  this  circumstance  has  led  to  the 
inference,  that  the  herbivorous  tribes  obtain  from  their  food  the 
azote  which  enters  into  the  constitution  of  their  bodies. 

In  a  general  way,  the  individual  consuming  a  certain  portion 
oi  food  every  day,  neverthdess  does  not  increase  in  his  average 
weight  This  is  what  occurs  with  animals  upon  the  quantity  of 
food  which  is  known  to  be  sufficient  for  their  keep ;  and  it  has 
been  found  that  the  human  subject,  living  very  r^ularly,  returns 
at  a  certain  hour,  or  at  certain  hours  of  the  day,  to  a  certain 
mean  weight  Grooms,  farm-servants,  &c.,  are  perfectly  wdl 
aware  of  the  fact,  that  with  a  certain  allowance  of  hay  and  com, 
a  horse  will  be  kept  in  the  condition  necessary  to  do  the  work 
required  of  him  without  either  gaining  or  losing  in  flesh. 

Under  such  circumstances,  the  whole  of  the  elementary  matter 
contained  in  the  food  consumed,  ought  to  be  found  in  the  dejec- 
tions, the  excretions,  and  the  products  of  the  act  of  respiration. 
And  assuming  that  this  is  so,  it  might  then  be  maintained  that 
none  of  the  elements  is  assimilated,  assimilation  being  tak^oi  in 
the  sense  of  an  addition  of  principles  introduced  with  the  food 
to  the  principles  already  present  in  the  body.  Yet  is  thore 
unquestionably  assimilation,  in  the  sense  that  the  alimentary 
matters  of  the  food  become  fixed  in  the  system,  having  there 
undergone  modification  or  change  ;  and  that  they  replaoe,  m 
come  instead  of  other  elements  of  the  same  kind,  which  are 
daily  thrown  off  by  the  vital  acts  of  the  economy. 

During  the  nutrition  of  a  young  animal,  and  also  in  the 
process  of  fattening  an  adult,  things  go  on  differently;  here 
there  is  unquestionably  definitive  fixation  of  a  portion  of  die 
matter  contained  in  the  food :  there  is  no  longer  balance  between 
the  waste  and  the  supply  ;  an  animal  then  increases  in  weight 
itetably  ind  rapidly. 

Looking  at  the  question  of  feeding  in  the  most  general  way, 
then,  I  admit  that  an  adult  animal^  upon  the  daily  allowance. 
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voids  a  quantity  of  matter  in  its  various  etcretions  precisely 
equal  to  the  quantity  which  it  receives  in  its  food  :*  all  the 
elements,  the  same  in  nature  and  in,  quantity,  which  are  con- 
tained  in  the  food,  are  also  contained  in  the  excrements,  vapoiuri 
and  gases,  which  pass  off  from  the  living  body ;  carbon  and 
azote,  hydrogen  and  oxygen,  phosphorus,  sulphur  and  chlorine, 
calcium,  magnesium,  sodium,  potassium  and  iron,  as  they  are 
all  encountered  in  the  food,  so  are  they  all  encountered  in  the 
body,  and  also  in  the  excretions  of  an  animal ;  and  it  seems 
certain,  that  no  one  of  these  primary  or  simple  substances  can 
be  wanting  in  the  nutriment  without  the  body  very  speedily 
feeling  the  ill  effects  of  its  absence.  Iron,  for  example,  is  a 
constant  principle  in  the  colouring  matter  of  the  blood ;  it  also 
exists  in  large  quantity  in  the  hair ;  and  he  who  should  live  on 
food  that  contained  no  trace  of  it,  would  certainly,  and  before 
long,  become  disordered  in  his  health. 

In  what  has  just  been  said,  I  take  it  for  granted  that  animals 
do  not  absorb  or  assimilate  any  of  the  azote  which  forms  so 
large  a  constituent  in  the  air  they  breathe ;  and  I  am  warranted 
in  this  by  the  researches  of  every  physiologist  of  any  name  or 
distinction.  Not  only  do  animals  obtain  no  azote  from  the 
atmosphere,  but  they  actually  exhale  it  incessantly,  as  was  proved 
by  M.  Despretz  in  the  course  of  his  numerous  experiments,  and 
as  I  myself  also  demonstrated  in  the  inquiries  I  undertook  to 
ascertain  whether  herbivorous  animals  obtained  azote  from  the 
air  or  not.  The  azote  exhaled,  it  was  discovered,  proceeded 
entirely  from  the  food  consumed  by  the  animal ;  a  fact,  which 
already  of  great  importance  in  a  physiological  point  of  view  and  in 
reference  to  general  physics,  bears  at  the  same  time  so  imme* 
diately  upon  one  of  the  most  important  questions  of  i^culture^ 
that  I  think  it  well  to  give  the  particulars  of  one  of  the  proce- 
dures by  which  it  has  been  established. 

The  experiments  in  this  case  were  performed  on  a  milch-cow 
and  a  full-grown  horse,  which  were  placed  in  stalls  so  contrived 
that  the  droppings  and  the  urine  could  be  collected  without 
loss.  Before  being  made  the  subjects  of  experiment,  the  animals 
were  ballasted  or  fed  for  a  month  with  the  same  ration  lliat  was 
furnished  to   them  during  the  three  days  and  three  nights 

*  BouBsingault,  Annales  de  CUinie,  2e  s^rie,  t.  lxxi,  p.  113. 
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which  they  passed  in  the  experimental  stalls.  During  the 
month,  the  weight  of  the  animals  did  not  vary  sensibly,  a  cir- 
cumstance which  happily  enables  us  to  assume  that  neither  did 
the  weight  vary  during  the  seventy-two  hours  when  they  were 
under  especial  observation. 

The  cow  was  foddered  with  after-math  hay  and  potatoes; 
the  horse  with  the  same  hay  and  oats.  The  quantities  of 
forage  were  accurately  weighed,  and  their  precise  degree  of 
moistness  and  their  composition  were  determined  from  average 
samples.  The  water  drunk  was  measured,  its  saline  and  earthy 
constituents  having  been  previously  ascertained.  The  excre- 
mentitious  matters  passed  were  of  course  collected  with  the 
greatest  care ;  the  excrements,  the  urine,  and  the  milk  were 
weighed,  and  the  constitution  of  the  whole  estimated  from 
elementary  analyses  of  average  specimens  of  each.  The  results 
of  the  two  experiments  are  given  in  this  table : 


FOOD    CONSUMED    BT    THE    H0R8E    IN    24    HOURS. 


FORAOB. 


Haj     •  . 

OaU     .  • 

Water .  . 

Total    .  . 


Weight 

In  the  wet 

Btate^ 


lbs. 
20 

6 
43 


69 


Weight 

in  the  dry 

Btate. 


Ibf.    ox. 

17      4 

5      2 


22      6 


Elementary  matter  In  the  food. 


Carbon. 


Ibf.    01. 
7    11 
2      7 


10      6 


Hydrogen. 


lbs-  oz.  dwta. 
0  10    7 
0    3  18 


1    2    5 


Oxygen. 


lbs.  oz.  dwts 
G    H      S 
I  10     14 


8    7      2 


Azote. 


lbs.  oz.  dtrta. 
0    .3      2 
0     1      7 


SalUand 
eartha. 


lbs.  OS.  dwta. 
1     6    14 
0     2    10 
0    0      8 


0    4      9 


1     9    12 


PRODUCTS   VOIDED    BY   THE    HORSE    IN   24    HOURS. 


PBODVCTl. 


Urine     .    . 
Excrements 

Total     .    . 

Total  mat- 1 
te^of  the  > 
food         J 


Weight 

In  the  wet 

sute. 


lbs.  OS.  dwta. 

8    6    16 

38    2      2 


41    8    17 
69    0      0 


Difference  .  '  27    3      8 


Weight 

In  the  dry 

sUte. 


Elementary  matter  in  th«  producta. 


Carljon. 


lbs.  ox.  dwts. 

0    9    14 

9    6      6 


10    3 
22    6 


0 
0 


lbs.  ox.  dwts 
0    3    10 
8    7    17 


8  11 
10    6 


7 
0 


Hydrogen. 


lbs.  ox.  dwts. 

0    0      7 

0    6    15 


0  6 

1  2 


2 
5 


Oxygen. 


lbs.  oz.  dwts. 

0    1      2 

3    6    14 


8    7 
8    7 


16 
2 


Azote. 


lbs.  oz.  dwts. 
0    1      4 
0    2     10 


0    3    14 
0    4      9 


SalU  and 
c«  tha. 


IIm.  ox.  dwts. 

0  3    10 

1  6    10 


12    3      0    I    6    6    13 


0    8 


4  11      6    ,    0    0     16 


1   10 

0 

1     9 

12 

0    0 

8 

WATER   CONSUMED    BY   THE    HORSE 
IN    24    HOURS. 


With  the  hay  . 
With  the  oata  . 
Taken  as  drink . 

Total  oenramcd 


lbs.  ox. 
2       3 

0  14 
36      3 


WATER   VOIDED    BY   THE    HORSB 
IN    24    HOURS. 


With  the  urine 
With  the  excrements 


38 


Total  voided    . 
Water  consumed    . 


Water  exhaled  by  pulmonary  and  cutaneoua  tnmipiration 


Iba. 
2 
23 

OS. 

6 
8 

as 

88 

^      1 

12 

6 
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FOOD    CONSUMED    BY   THB    COW    IN   TWBNTT-FOUB   HOURS. 


PODOSA. 


Weight 

In  the  wet 

state. 


Poutocs  . 

After  math 

hay     .    . 

Water.    . 

Total    .    . 


lbs.  OS.  dwts. 
40    2      6 

20    1      2 
100    0      0 


220    8      7 


Weight 

in  the  drf 

state. 


lbs.  OS.  dwts. 
11    2      1 

16  11      0 


28    1      I 


Elementary  matter  of  the  food. 


Carbon. 


lbs.  ox.  dwts. 
4  11      2 

7  11     11 


Hydrogen.  |     Oxygen. 


lbs.  OS.  dwu.  lbs.  OS.  dwu 
0    7    15        4  10    17 

0  11      7        5  10    17 


12  10    13 


17    2 


10    9    14 


Asole. 


lbs.  OS.  dwts. 
0    1    12 

0    4    17 


0    6      9 


8alU  and 
earths. 


lbs.  OS.  dwts. 

0  6    18 

1  8     6 
0    1    12 


2    4    11 


PRODUCTS   VOIDED    BT    THE    COW    IN    TWENTT-FOUR    HOURS. 


Elemeatary  matter  in  the  products. 


Weight 

in  the  wet 

sUte. 

Weight 

in  the  dry 

sUte. 

FROOUCTS* 

r 

Carbon. 

Excrements 
Urine     .    . 
Milk.    .    . 

lbs.  OS.  dwts. 
76    1      9 

21  11     12 

22  10    10 

lbs.  OS.  dwts. 

10    8    12 

2    6    17 

8    1      0 

lbs.  ox.  dwts. 
4    7      0 

0  8      7 

1  8      8 

Total     .    . 

Total  mat.  1 
ter  of  the  > 
food          J 

120  11    11 
220    3      7 

16    4      9 
28    1      1 

6  11    10 
12  10    13 

Difference  . 

99    3    16 

11    8    12 

6  11    8 

Hydrogen. 


lbs.  OS  dwts. 
0    6    18 
0    0    16 
0    3      3 


0  10    12 

1  7      2 


0    8    10 


Oxygen. 

Asote. 

lbs.  OS.  dwts. 
4    0      9 
0    8      8 
0  10      6 

lbs.  OS.  dwts. 
0    2    19 
0    1      8 
0    I      9 

6    6    18 
10    9    14 

0    6    11 
0    6      9 

5    2    16 

0    0    18 

SalUand 
earths. 


lbs.  ox.  dwts. 
1    8     8 
1    0     6 
0    I    16 


2    6    10 
2    4    11 


0    0    19 


WATER   CONSUMED    BY   THB    COW    IN 
TWENTY-FOUB   HOUBS. 


W^ith  the  potatoes 
With  the  hay     . 
Taken  as  drink 

Total  consumed 


lbs.  OS. 

23  12 
2       9 
182       0 


1&8 


WATER    VOIDED    BY   THB    COW    IN 
TWENTY-FOUR    HOURS. 


With  the  potatoes  . 
With  the  urine 
With  the  milk 


Total  voided 
Water  consumed 


Water  passed  off  by  pulmonary  and  cutaneous  transpiration 


lbs. 

OS. 

58 

10 

15 

14 

16 

8 

85 

U 

168 

5 

72 

10 

From  these  sums  it  appears  that  the  azote  of  the  excrements  is 
less  by  from  339.6  to  455.0  grains  than  that  of  the  forage 
consumed.  It  appears  also  that  the  whole  quantity  of  elementary 
matter  contained  in  the  excrements  is  less  than  that  which 
had  been  taken  as  food ;  the  difference  is  of  course  due  to  the 
quantities  which  were  lost  by  respiration  and  the  cutaneous 
exhalation. 

The  oxygen  and  hydrogen  that  are  not  accounted  for  in  the 
sum  of  the  products,  have  not  disappeared  in  the  precise  pro- 
portions requisite  to  form  water;  the  excess  of  hydrogen 
amounts  to  as  many  as  from  13  to  15  dwts.  It  is  probable 
that  this  hydrogen  of  the  food  became  changed  into  water  by 
combining  during  respiration  with  the  oxygen  of  the  air. 
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The  loss  of  carbon  which  is  very  considerable,  seeing  that  in 
the  two  experinaents  it  amounts  to  nearly  1 2^  lbs.  must  have 
gone  to  form  the  carbonic  acid,  which  is  known  to  be  so  large 
and  important  a  constituent  in  the  expired  air,  and  which  is  also 
e3dialed  from  the  general  surfiw^e  of  the  body.  Neglecting  the  lat- 
ter, it  appears  that  each  of  the  animals  produced  in  the  course  of 
twenty-four  hoiirs,  upwards  of  13  cubic  feet  of  carbonic  add 
gas,  the  thermometer  supposed  at  32®  F.,  the  baronaeter  at 
30  inches.* 

During  respiration,  then,  or  as  a  consequence  of  respiratioD, 
the  carbon  and  hydrogen  of  the  food  have  disappeared  and  given 
rise,  by  the  concurrence  of  the  oxygen  of  the  air,  to  carbonic 
acid  and  water,  precisely  as  if  they  had  been  burned.  And  an 
animal  may,  in  fact,  be  regarded  as  an  apparatus  or  system, 
in  which  a  slow  combustion  is  incessantly  going  on :  there  is 
perpetual  disengagement  of  carbonic  acid  gas  and  of  the  vapour 
of  water,  just  as  there  is  from  a  stove  in  which  any  organic 
substance,  wood,  for  example,  is  burning.  In  either  case  there 
is  evolution  of  heat ;  all  animals  have  a  temperature  above  that 
of  the  medium  which  surrounds  them,  and  the  excess  of  the 
elevation  is  in  some  sort  relative  to  the  activity  of  the  respi- 
ratory process,  or  in  other  words,  to  the  intensity  of  the  com- 
bustion. 

Under  the  influence  of  the  oxygen  that  is  taken  into  the 
body,  the  soluble  principles  of  the  blood  pass  through  a  series  of 
modifications,  the  last  of  which  is  carbonic  acid,  which  is  exhaled 
and  dissipated  in  the  air ;  and  it  is  in  this  way  that  a  portion  of 
the  carbon  of  the  food  is  returned  to  the  atmosphere,  afler  having 
accomplished  the  important  function  of  supplying  the  animal 
with  the  heat  that  is  necessary  to  its  existence.  Far  fix)m 
deriving  anything  from  the  air,  consequently,  animals  on  the 


*  The  lBr|;e  quantity  of  carbonic  acid  shows  the  necessity  for  large  and 
well  ventilated  stablet  and  cow-houses.  A  cow,  it  appears,  will  vitiate 
66  cubic  feet  of  air  in  a  day.  It  will  be  observed  in  the  table  that  the 
saline  and  earthy  matters  of  the  ejecta  exceed  those  of  the  ingesta  in  both 
instances.  This  is  from  error  in  observation,  and  is  owing  to  the  difficollf 
of  determining  exactly  the  quantities  of  these  substances*  The  enar  h 
less  in  the  case  of  the  horse  tlian  in  that  of  the  cow. 
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oontniy,  are  ocmtiiiually  pouring  carboa  into  it  Tlie  food  is, 
thflrafore,  the  only  source  whence  animak  derive  the  matter  that 
enters  into  their  constitution ;  and  as  the  primary  food  of  animals 
is  obtained  from  vegetables,  herbivorous  creatures  must  neoes- 
sarily  find  in  the  plants  they  consume,  all  the  elements  th^ 
assimilate.  It  might  be  expected  from  this,  that  the  material 
constitution  of  animals  should  approach,  and  sometimes  even  be 
identical  with  that  of  vegetables ;  and  it  is  found,  in  fact,  that  a 
considerable  number  of  ternary  or  quarternary  organic  compounds 
of  either  kingdom  present  the  greatest  analogy  to  one  another ; 
their  identity,  in  some  cases,  is  even  complete.  Some  fatty 
substances  of  animal  origin  do  not  differ  in  any  way  fit)m 
v^etable  fats ;  the  margaric  add  which  is  obtained  from  hog's 
krd  has  the  precise  characters  of  the  margaric  acid  which  is 
furnished  by  olive  oil,  and  the  same  identity  is  preserved 
through  the  entire  series  of  quarternary  azotised  principles,  as  a 
glance  at  the  following  table,  which  contains  the  results  of  the 
analyses  performed  by  Messrs.  Dumas  and  Cahours,  will  show. 


nSRIKC. 

ALBUMBV. 

CASBINB. 

AafaMd. 

Vagetabk. 

laloMl. 

Vegttebte. 

lalOMl. 

VtftMMBb 

Carbon    . 
Hydrogen 
Oxygen   . 
Azote 

52.8 

7.0 
23.7 
16.5 

53.2 

7.0 
23.4 
16.4 

53.5 

7.1 

23.6 

15.8 

58.7 
7.1 

23.5 
15.7 

53.5 

7.0 

23.7 

15.8 

53.5 

7.1 

23.4 

16.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

These  principles,  to  which  must  be  added  gelatine,  the  fiits 
and  several  earthy  and  alkaline  salts  constitute  the  frame-work  of 
the  animal  tissues,  or  the  fluids  which  penetrate  them ;  it  is 
therefore  necessary  for  us  to  examine  each  of  them  shortly. 

OelaHne  is  met  with  in  almost  all  the  solid  parts,  in  the 
bones,  tendons,  cartilages,  skin,  cellular  tissue,  muscular  flesh, — 
all  contain  it.  It  is  readily  soluble  in  boiling  water ;  cold  water 
only  takes  up  a  small  quantity  of  it.  Two  or  three  parts  of 
gelatine  dissolved  in  100  parts  of  hot  water,  suffice  to  turn  the 
fluid  into  a  tremulous  jelly  when  it  has  become  cold.  Tannin, 
or  infusion  of  gall-nuts  precipitates  gelatine  oompletdy  from  its 
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solution,  the  precipitate  being  very  bulky  and  perfectly  insoluble 
in  water ;  and  it  is  this  chemical  combination  or  principle  which 
lies  at  the  bottom  of  the  art  of  tanning. 

Gelatine  is  extensively  used  in  the  arts  under  the  familiar 
name  of  glue.  Isinglass  consists  of  gelatine  nearly  pure,  and 
according  to  Mulder  contains : 


Carbon 

50.8 

Hydrogen 

66 

Azote   .         .         , 

18.3 

Oxygen 

24.3 

100.0 

Fibrine  occurs  in  a  state  of  solution  in  the  blood,  and  forms 
the  principal  ingredient  in  muscular  flesh.  It  is  readily  ob- 
tained by  whipping  a  quantity  of  blood  just  taken  from  the 
veins  of  a  living  animal ;  the  white  stringy  masses  that  adhere  to 
the  rod  are  fibrine,  which  by  gentle  kneading  under  water  be- 
come colourless.  Fibrine,  when  moist,  is  a  highly  elastic  and 
flexible  substance ;  dried,  it  loses  about  30  per  cent  of  water 
and  becomes  brittle,  horny,  semi-transparent.  Thrown  into 
water,  it  gradually  imbibes  all  it  had  lost  by  drying,  and  regains 
its  former  properties.  Burned  and  incinerated,  fibrine  leaves 
a  quantity  of  ash  which  consists,  for  the  major  part  of  phos- 
phate of  lime,  with  which  is  mixed  a  small  quantity  of  phos- 
phate of  magnesia  and  of  oxide  of  iron. 

Albumen  exists  in  large  quantity  dissolved  in  the  water  or 
serum  of  the  blood,  and  in  the  white  of  the  egg;  it  is  also 
found  in  almost  all  the  animal  fluids  that  are  not  excretions  or 
destined  to  be  thrown  off  as  useless  to  the  system.  Albumen, 
as  familiarly  known,  has  the  remarkable  property  of  coagulating 
or  setting  into  a  soft;  solid,  at  a  certain  temperature, — 158^  F. 

Cdseum  or  caseine  is  the  distinguishing  principle  of  milk. 
By  combining  with  acids  it  forms  an  insoluble  compound  ;  and  it 
undergoes  a  remarkable  coagulation,  as  all  the  world  knows,  in 
contact  with  a  piece  of  the  inner  membrane  of  the  stomach  of  a 
young  animal :  from  a  fluid  it  sets  into  a  soft  solid,  which  by 
degrees  separates  into  two  portions,  whey  and  curd.  The  curd, 
or  caseum,  always  contains  fat,  and  when  burned,  leaves  a 
considerable  quantity  of  ash. 
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Physiologists  distinguish  three  principal  tissues  in  the  bodies 
of  animals  ;  the  muscular,  the  nervous,  and  the  cellular. 

The  muscular  tissue  consists  of  an  assemblage  of  contractile 
fibres,  here  disseminated  through  the  masses  of  organs,  there 
collected  into  bundles  and  constituting  the  flesh.  This  is  the  in- 
strument by  which  animals  perform  all  their  voluntary  motions, 
and  it  is  that  also  by  which  all  the  active  but  involuntary  move- 
ments of  the  body  are  excited.  Muscular  flesh  is  always  a  com- 
pound substance,  however ;  it  consists  of  fibrine,  the  contractile 
or  proper  element,  albumen,  fat,  gelatine,  an  odorous  extractive 
matter,  lactic  acid,  different  salts  and  the  colouring  principle 
of  the  blood. 

Put  into  cold  water,  so  long  as  the  temperature  is  below  from 
130®  to  140®  F.,  little  effect  is  produced  beyond  the  solution  of 
the  soluble  salts  which  it  may  contain,  and  of  a  portion  of  its 
extractive  matter  and  albumen.  At  from  175®  to  195®,  the 
albumen  which  had  been  dissolved  coagulates  and  rises  to  the 
top  as  scum,  and  the  fat  melts  and  floats  on  the  surface.  The 
fibrinous  element  of  the  meat,  however,  preserves  its  characters 
even  after  the  action  of  boiling  water  continued  for  some  time. 

The  nervous  tissue  constitutes  the  brain,  spinal  marrow,  and 
nerves  distributed  to  all  parts  of  the  body.  Brain  in  its  compo- 
sition contains  a  large  quantity  of  water, — 80  per  cent,  certain 
fatty  matters,  albumen,  osmazome,  phosphorus  in  combination 
with  fat,  sulphur,  and  phosphates  of  potash,  lime  and  magnesia. 
The  composition  of  the  brain  of  animals,  the  dog,  the  sheep, 
the  ox,  appears  to  be  very  analogous  to  that  of  the  human  sub- 
ject. 

Cellular  tissue  is  the  general  connecting  medium  throughout 
the  animal  body,  and  is  not  only  met  with,  it  may  be  said  every- 
where, but  forms  a  main  element  in  many  of  the  textures  of  the 
body,  such  as  the  serous  and  mucous  membranes,  the  cartilages, 
the  bones  themselves,  which  are  in  fact  only  cellular  tissue  im- 
pr^nated  with  calcareous  salts.  Tendons  may  be  viewed  as 
condensed  ropes  of  cellular  tissue  ;  by  long  boiling  in  water  they 
melt  entirely  into  gelatine. 

Bones  consist  of  cellular  tissue,  as  stated,  resolvable  into  ge- 
latine, and  of  a  large  proportion  of  saline  earthy  matter,  con- 
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sistbg  principally  of  phosphate  of  lime.  The  presence  of  this 
phosphate  is  not  extraordinary,  inasmuch  as  we  have  found  that 
it  forms  an  element  in  all  the  vegetables  upon  which  animals 
are  supported.  By  boiling  bones  even  reduced  to  powder  under 
the  usual  pressure  of  the  atmosph^e,  but  a  smaJl  quantity  of 
their  gelatine  is  obtained ;  but  by  putting  them  into  a  P^pin'a 
digester,  and  subjecting  them  to  a  considerably  higher  t^npen* 
ture  than  that  of  boiling-water,  we  can  dissolve  the  whole»  or 
nearly  the  whole  of  the  animal  matter,  and  leave  the  earthy  parts 
unchanged ;  or  by  proceeding  m  another  way,  by  soaking  bones 
for  a  time  in  dilute  muriatic  acid,  we  can  dissolve  out  the  earthy 
matter,  and  leave  the  bone,  having  its  original  form  indeed,  but 
as  an  elastic,  pliant  gristle. 

The  relations  between  the  earthy  and  organic  matter  of  bone, 
vary  with  the  species,  but  especiaUy  with  the  age  of  the  animal 
In  early  Ufe  the  cellular  element  predominates ;  in  adult  age  the 
salts  predominate.  We  have  three  analyses  of  bone,  which  I 
shall  here  present : 


Cartilage  susceptible  of  change  into  gelatine 
Sub-phosphate  of  lime  .... 
Carbonate  of  lime  ..... 
Phosphate  of  magnesia  .  •  •  . 
Soda,  and  a  trace  of  common  salt 


Man-  Oz.  Oz. 


33.3 

33.3 

50.0 

53.0 

57-4 

37.0 

11.8 

3.9 

10.0 

1.2 

2.0 

1.2 

1.2 

3.4 

9$ 

100.0     100.0       98.3 


Hair  has  a  very  complex  composition,  no  fewer  than  nine 
different  principles  or  substances  having  been  detected  in  its  con- 
stitution ;  among  the  number,  mucus,  various  oily  matters,  sul- 
phur and  iron ;  wool,  fur,  and  horn,  are  all  simikur  in  their  com- 
position to  hair. 

Bloodf  in  all  the  higher  animals,  is  a  sluggish  fluid,  of  a  de^ 
red  colour ;  in  many  of  the  inferior  tribes,  however,  such  as  in- 
sects, crustaceans  and  shell-fish,  it  is  limpid,  and  generally  colour- 
less. Under  the  microscope,  red  blood  is  seen  to  consist  of  two 
distinct  portions,  a  serum  or  whey,  in  which  float  a  multitude  of 
minute,  solid,  opaque,  corpuscles — the  globules  of  the  blood  of 
physiologists,  particles  which  have  different  characters  in  different 
classes  of  animak. 


11.0 
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Blood  is  a  very  heterogeneous  comppund.  Left  to  itsdf, 
after  being  drawn  from  a  vein,  it  sets  or  coagulates  into  a  soft 
gelatinous  solid,  which  by  and  by  begins  to  separate  into  two 
portions,  one  watery,  of  a  yellowish  colour,  and  opalescent,  the 
water,  whey  or  serum ;  another  solid,  of  a  deep  red  or  reddish 
brown  colour,  the  dot  or  coagulum.  The  watery  portion  contains 
a  laige  quantity  of  albumen  in  solution.  M.  Lecanu,  in  his 
analyms  of  the  Uood  speaks  of  as  many  as  twenty-five  different 
substances  as  entering  into  its  composition : 

Water •     790.4 

Ozygm,  azote,  fr«e  oarbonic  aokl 

Iron 

Hydrochlorates  of  soda,  potash,  ammonia 

Snlpbates  of  potash  and  of  soda 

Bubcarbonate  of  lime  and  magntiia 

Phosphates  of  soda,  lima,  and  magnesia 

Lactate  of  soda 

A  soap,  haying  soda  and  fixed  fat  acids  for  its  elements 

An  odorous,  volatile  salt,  a  ht  acid 

A  fatty  substance,  containing  phosphorus 

Gholesterine  j 

Seroline 

Albumen  dissolved  in  the  water  ••••••       67.8 

Globoles  and  fibrine   .*••••••     130.8 

1000.0 

The  blood  globules  consist  principally  of  albumen  combined 
with  a  little  fibrine  and  red  colouring  matter.  Any  differ- 
ence observed  between  one  sample  of  blood  and  another,  is  con- 
nected especially,  almost  exdusively,  with  the  relative  proportions 
of  the  liquid  part  or  serum,  and  the  solid  part  or  dot.  The 
solids  are  in  larger  proportion  in  males  than  females,  in  grown- 
up persons  than  in  aged  individuals  and  children,  in  subjects  well 
and  abundantly  fed  than  in  those  indifferently  supplied  with  food. 
No  analysis  that  has  yet  been  made  has  thrown  any  true  light 
on  the  cause  of  the  difference  of  colour  perceived  between  ar- 
terial and  venous  blood ;  nevertheless,  it  is  positively  known  that 
it  is  by  the  concurrence  of  the  oxygen  of  the  atmosphere  that 
the  arterial  blood  in  the  living  body  acquires  the  characters  which 
distinguish  it,  and  that  carbonic  acid  gas  is  evolved  or  thrown 
off  in  the  course  of  the  action  that  takes  place. 

Ox  blood  thoroughly  dried  has  been  found  to  consist  of: 
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Carbon 

Hydrogen 

Azote 

Oxygen 

Ash 


52.0 

7.2 

15.1 

21.3 

4.4 


100.0 


Milk.  This  well-known  fluid  may  be  said  to  combine  in 
itself  all  the  organic  principles,  and  mineral  substances  whidi 
enter  into  the  constitution  of  organized  beings.  Caseum, 
identical  with  fibrine  and  albumen,  fatty  matters,  sugar  of  milk, 
and  different  salts,  among  the  number  of  which  the  phosphates 
stand  distinguished. 

The  caseum,  the  sugar,  and  a  portion  of  the  salts  are  in  solu- 
tion ;  the  fatty  matters  are  held  in  suspension  in  the  milk  in  the 
form  of  globules.  The  following  table  will  be  found  useful,  as 
giving  a  comprehensive  survey  of  the  composition  of  different 
kinds  of  milk. 


3  O 

t 

a       m 

^    •>* 
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a  3  « 

1 

m 

a 

gar  of  mi 
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luble  salt 

m 

-    =5 
S     6 
g£<2  1          Ilemnrks. 

Authors  ot  Um 

a  2 

£ 

9        6 

Q    2 

Of  the  cow 

3.6 

4.0 

5.0 

87.4 

12.6  Average  of    12 

Le    Bel     and 

analyses  at  Be- 

Boussingault. 

chelbronn. 

Of  the  cow 

3.8 

3.5 

6.1 

86.6 

13.4 

Average  of  6  an- 
alyses in  the  en- 
virons of  Paris. 

Quevenne. 

Of  the  cow 

4.5 

3.1 

5.4 

87.0 

13.0  '         Idem. 

Henri  andChe- 

valier. 

Of  the  cow 

5.6 

3.6 

4.0 

86.8 

13.2 

Idem. 

Lecanu. 

Of  the  cow 

5.1 

3.0 

4.6 

87.3 

12.7 

An    analysis, 
Giessen. 

Haidlen. 

Of  the  ass 

1.7 

1.4 

6.4 

90.5 

9.5 

Average  of     5 
analysis. 

P^ligot. 

Of  woman 

3.1 

3.4 

4.3 

89.2 

10.8 

Of  good  quality. 

Haidlen. 

Of  woman 

2.7 

1.3 

3.2 

92.8 

7.2 

Ofmiddlingqua. 

Haidlen. 

lity. 

Cow's  milk  always  shows  slight  alkaline  reaction ;  its  density 
is  about  1.03.  According  to  M.  Haidlen  it  contains  no  salt 
formed  by  an  organic  acid,  no  lactates,  and  the  alkali  is  in  com- 
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bination  with  caseum,  the  solution  of  which  it  iBissists.  It  may 
contain  about  a  half  per  cent  of  ash,  the  several  constituents  of 
which  appear  to  be  very  stable,  though  their  proportions  vary 
greatly.  In  100  parts  of  milk,  taken  from  two  different  cows, 
Haidlen  found  the  following  salts : 

Phosphate  of  lime         .  0.231  0.344 

Phosphate  of  magnesia  .  0.042  0.064 

Phosphate  of  iron    .     •  0.007  0.007 

Chloride  of  potassium  .  0.144  0.183 

Chloride  of  sodium       .  0.024  0.034 

Soda 0.042  0.045 

0.490  0.677 

As  cow's  milk  is  that  which  is  by  far  the  most  directly  inte- 
resting to  agriculture,  I  shall  enter  somewhat  particularly  into 
its  history ;  having,  however,  already  spoken  of  caseum,  its  dis« 
tinguishing  constituent,  and  albumen,  I  shall  here  confine  myself 
to  the  subject  of  the  sugar  and  the  oil  or  butter. 

Sugar  of  milk  is  prepared  for  commercial  purposes  in  coun- 
tries or  districts  where  cheese-making  is  carried  on  to  a  great 
extent,  and  the  quantity  of  whey  at  command  is  very  large.  In 
some  Cantons  of  Switzerland,  sugar  of  milk  is  obtained  by  sim- 
ply evaporating  whey  properly  clarified,  to  the  consistence  of 
syrup,  which  deposits  the  sugar  in  the  crystalline  form  as  it  cools. 
This  first  produce  is  brown,  and  contaminated  with  various  im- 
purities, from  which  it  is  freed  by  repeated  solutions  and  crystalli- 
zations. It  then  becomes  colourless,  transparent,  and  nearly 
tasteless,  feeling  gritty  between  the  teeth,  and  having  only  an 
obscure  sweet  taste.  It  requires  from  8  to  9  parts  of  cold  water 
to  dissolve  it ;  in  hot  water  it  is  more  soluble.  According  to 
Proust  it  consists  of: 

Carbon 40.0 

Hydrogen          .         .         •         .6.7 
Oxygen 53.3 

lOOO 

Butter.  To  understand  the  preparation  of  butter  thoroughly, 
it  is  absolutely  necessary  to  know  the  physical  constitution  of  the 
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milk  from  which  it  is  obtained.  Now  the  mioroseope  shows  us 
that  milk  holds  in  suspension  an  infinity  of  globules  of  different 
dimensions,  which,  by  reason  of  their  less  specific  gravity,  tend 
to  rise  to  the  surface  of  the  liquid  in  which  they  float,  where  ihej 
collect,  and  by  and  by  form  a  film  or  layer  of  a  different  charao- 
ter  from  the  fluid  beneath ;  the  superficial  layer  is  the  cream^ 
and  this  removed,  the  subjacent  liquid  constitutes  the  sJdm-mUk. 
This  separation  appears  to  take  place  most  completely  in  a  cool 
temperature  from  54®  to  60®  F. 

Allowed  to  stand  for  a  time,  which  varies  with  the  tempera- 
ture, milk  becomes  sour,  and  by  and  by  separates  into  three 
strata  or  parts :  cream,  whey  and  curd,  or  coagulated  caseum. 
By  suffering  the  milk  to  become  acid  before  removing  the  cream, 
it  has  been  thought  that  a  larger  quantity  of  this,  the  most 
valuable  constituent  of  the  milk,  was  obtained ;  and  the  &ct  is 
probably  so ;  but  in  districts  where  the  subject  of  the  dairy  has 
been  most  carefiilly  studied,  it  has  been  found  that  it  is  better 
to  cream  before  the  appearance  of  any  signs  of  acidity  have 
appeared.  When  a  knife  can  be  pushed  through  the  cream,  and 
withdrawn  without  any  milk  appearing,  the  cream  ought  to  be 
removed.* 

Butter  is  obtained  from  cream  by  churning,  as  all  the  world 
knows :  by  the  agitation,  the  fatty  particles  cohere  and  separate 
fiiom  the  watery  portion,  at  first  in  smaller  and  then  in  larger 
masses.  The  remaimng  fluid  is  butter-milk,  a  fluid  slightly 
acid,  and  of  a  very  agreeable  flavotu*,  containing  the  larg^  por- 
tion of  the  caseous  element  of  the  cream  coagulated,  and  also  a 
certain  portion  of  the  fatty  principle  which  has  not  been  sepa« 
rated. 

The  globules  of  milk  appear,  from  the  latest  microscopcal 
observations,!  to  be  formed  essentially  of  fatty  matter,  sur- 
rounded with  a  delicate,  elastic,  transparent  pellicle.  In  the 
course  of  the  agitation  or  trituration  of  churning,  these  delicate 
pellicles  give  way,  and  then  the  globules  of  oil  or  fiatty  matter 
are  left  free  to  cohere,  which  they  were  prevented  from  doing 


♦  Thacr,  Principes,  &c.,  t.  jv.  p.  841. 
t  M.  Romsnet,  MSS. 
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preidously,  by  the  interposition  of  the  delicate  film  or  ooyering 
of  the  several  globules.  Were  the  butter  simply  suspended  in 
the  state  of  emulsion  in  the  milk,  we  should  certainly  expect 
that  it  would  separate  on  the  application  of  heat ;  but  this  it 
does  not :  cream  or  milk  may  be  brought  to  the  boiling  point, 
and  even  boiled  for  some  time  without  a  particle  of  oil  appearing. 
Could  M.  Romanet  show  any  of  these  pellicles,  apart  from  the 
oil-globules  they  inclose,  it  would  be  very  satisfactory,  and  would 
certainly  enable  us  to  explain  the  effect  of  churning. 

Churning  is  a  longer  or  shorter  process,  according  to  a  va- 
riety of  circumstances ;  it  succeeds  best  between  55®  and  60^  P. 
So  that,  in  summer,  a  cool  place,  and  in  winter  a  warm  place,  is 
chosen  for  the  operation.  There  is  no  absorption  of  oxygen 
during  the  process  of  churning,  as  was  once  supposed ;  the  ope- 
ration succ^s  performed  in  vacuo,  and  with  the  chum  filled 
with  carbonic  acid  or  hydrogen  gas. 

On  being  taken  out  of  the  chum^  the  butter  is  kneaded  and 
pressed,  and  even  washed  under  fair  water  to  free  it  as  much  as 
possible  from  the  butter-milk  and  curd  which  it  always  contains, 
and  to  the  presence  of  which  must  be  asoibed  the  speedy  alte- 
ration which  butter  undergoes  in  warm  weather.  To  preserve 
fi«sh  butter  it  is  absolutely  necessary  to  melt  it,  in  order  to  get 
rid  of  all  moisture,  and  at  the  same  time  to  separate  the  caseous 
portion.  This  is  the  process  employed  to  keep  fresh  butter  in 
all  the  warmer  countries  of  the  world.  In  some  districts  of  the 
continent,  it  is  also  had  recourse  to  with  the  same  view.  The 
butter  is  thrown  into  a  dean  cast-iron  pot,  and  fire  is  applied. 
By  and  by  the  melted  mass  enters  into  violent  ebullition,  which  is 
owing  to  the  disengagement  of  watery  vapoiu* ;  it  is  stirred  conti- 
nually to  fiivour  the  escape  of  the  steam,  and  the  fire  is  moderated. 
When  all  ebullition  has  ceased,  the  fire  is  withdrawn,  and  the 
melted  butter  is  run  upon  a  strainer,  by  which  aU  the  curd  is  re- 
tained. M.  Clouet  has  proposed  to  clarify  butter  by  mdting  it  at  a 
temperature  between  120®  and  140®  F.,  and  keeping  it  so  k>ng 
mdted  as  to  dissipate  the  water  and  secure  the  deposition  of  the 
dieesy  matter,  after  which  the  dear  mdted  butter  would  be  de- 
canted. I  doubt  whether  by  this  means  the  water  could  be  suf- 
ficiently got  rid  of,  a  very  important  condition  in  oonnexion  witl) 
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the  keeping  of  butter,  though  certainly  all  the  caseum  wo\ild  be 
deposited. 

The  moisture  and  curd  contained  in  fresh  butter  may  amouDt 
together  to  about  1 8  per  cent ;  at  least  we  find  that  we  lose 
about  1 8  lbs.  upon  every  1 00  lbs.  weight  of  butter  which  we 
melt  at  Bechelbronn. 

The  information  which  we  have  on  the  produce  in  butter 
and  cheese  from  different  samples  of  milk  is  very  discordant, 
so  that  I  prefer  giving  the  results  of  a  single  experiment  made 
under  my  own  eyes.  From  1 00  lbs.  weight  of  milk,  we  ob- 
tained : 

Cream      •         •         .         .     15.60  lbs. 
White  curd  cheese     .         .       8.93  „ 
Whey        ....     75.47  ,. 

100.00 

The  15.60  lbs.  of  cream  yielded  by  churning: 

3.3  lbs.  butter,  or  21.2  per  cent,  and 
12.27  „     butter-milk. 

The  reckoning  with  reference  to  100  lbs.  of  milk  conse- 
quently stands  thus : 

Cheese 8.93 

Butter 3.33 

Butter-milk      ....  12.27 

Whey     .         .         .         .         -  75.47 

100.00 

Taking  the  whole  of  the  milk  obtained  and  treated  at  diffe- 
rent seasons  of  the  year,  I  find  that  36,000  lbs.  of  milk  yielded 
1080  lbs.  of  fresh  butter,  which  is  at  the  rate  of  3  per  cent 
From  the  statement  of  M.  Baude,  it  appears  that  near  Geneva 
a  proportion  of  butter  so  high  as  3  per  cent  is  never  obtained, 
probably  because  there  a  larger  proportion  of  fatty  matter  is  left 
in  the  cheese.  In  the  dairy  of  Cartigny,  2200  gallons  of  milk 
gave : 
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fiutter        ..,..•     363  lbs.  or  about  1.6  per  cent 

Grruyfere  cheese 1515         „  6.9       „ 

Clot  from  the  whey,  obtained  by  boiling  1140         „  5.2       „ 

In  the  same  neighbourhood,  another  dairy,  that  of  Lullin, 
gave  from  the  same  quantity  of  milk : 

Butter  •         .418  lbs.  or  1.9  per  cent 
Cheese  .         .1485  67.5       „ 

Clot  from  whey    968  4.4       „  * 

OF    TH£    FOOD    OF    ANIMALS    AND    FEEDING. 

The  identity,  in  point  of  composition  and  properties,  which 
appears  to  obtain  between  certain  substances  derived  from  either 
kingdom  of  nature,  naturally  led  to  the  conclusion  that  animals 
do  not  form  or  originate  the  substances  which  enter  into  their 
organization,  but  that  they  find  these  ready  formed  in  their  food, 
and  merely  appropriate  them ;  whence  we  must  conclude,  that 
herbivorous  animals  assimilate  several  of  the  proximate  principles 
of  plants  immediately,  causing  them  to  undergo  but  slight  modi- 
fications, and  that  the  elements  of  the  animal  tissues  and  fluids 
pre-exist  in  vegetables,  which  farther  contain  the  earthy  phos- 
phate that  forms  the  distinguishing  characteristic  in  bone.f 

The  food  of  herbivorous  animals  must  therefore  always  con- 
tain, and  in  fact  always  contains,  four  essential  principles,  which 
by  their  combination  or  re-union,  constitute  nutritious  matter 
properly  so  called  :  1st.  An  azotised  matter  such  as  albumen, 
caseine,  gluten,  substances  which  are  probably  the  original  of 
flesh.  2nd.  An  oily  or  fatty  matter,  which  approaches  more  or 
less  closely  to  fatty  bodies  in  general.  3rd.  A  substance  having  a 
ternary  composition,  sugar,  gum,  fecula.  4th.  Certain  salts, 
particularly  phosphates  of  lime,  magnesia  and  iron.  This  mixed 
constitution,  which  a  forage  plant  must  needs  offer,  justifies  the 
general  ideas  propounded  by  Dr.  Prout  on  nutrition.     This  able 

"^  In  all  the  dairy  counties  of  England,  the  milk  is  never  required  like  the 
ground  to  give  a  double  crop  ;  it  yields  either  butter  or  cheese,  not  both. 
Hence  the  greater  richness  of  English  cheese  in  general. — 'Eso,  "Ed, 

t  Dumas  and  Boussingault.  The  chemical  and  physiological  Balance 
of  organic  Nature,  post  8vo.  London,  Bailli^re,  1843.  [A  delightful  little 
work. — ^Eng.  Ed.] 
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chemist  has  s^d,  that  mQk  was  to  b^  viewed  as  the  standard 
food,  and  that  all  alimentary  matters  must  resemble  it  in  compo- 
sition, in  greater  or  less  degree ;  that  is  to  say,  besides  phos- 
phitteft,  food  tnutA  ttmtmi  an  azotii^ed  principle,  a  non-azotised 
principle,  and  a  fatty  body,  to  stand  in  lieu  of  caseum,  sugar  anS 
butter. 

The  fundamental  principle  that  animals  find  the  several  sub- 
stances which  make  up  their  bodies,  ready  formed  in  the  sub- 
stances they  consume,  seems  very  well  calculated  to  assist  the 
practical  fanner  in  managing  the  food  of  the  animals  upon  his 
land ;  for  if  flesh,  fat  and  bone  exist  all  but  ready  formed  in  the 
food,  it  is  obvious  that  the  best  kind  will  be  that  precisely  which 
under  the  same  weight  contains  the  largest  quantity  of  the  variouB 
matters  of  the  organization. 

It  is  by  ho  meatis  easy  to  ascertain  precisely  the  amount  of 
the  azotised  constituents,  gluten  and  albumen,  contained  ia 
plants ;  to  do  so  requires  both  time  and  pains.  But  let  it  be 
once  admitted  that  the  nutritive  properties  of  forage  increase  in 
he  precise  ratio  of  these  matters,  this  is  clearly  as  much  as  to 
say  that  the  value  is  in  proportion  to  the  quantity  of  azote  oon- 
tained  in  the  food,  and  that  it  becomes  a  matter  of  the  highest 
moment  to  have  at  hand  a  ready  mode  of  determining  the  point. 
I  believe  it  infinitely  better  to  get  at  the  quantity  of  azote  imme- 
diately, which  is  easily  done,  than  by  any  roundabout  and  labo- 
rious process  to  ascertain  the  amount  of  albumen  and  gluten : 
the  quantity  of  azote  ascertained,  it  is  most  easy  to  deduce  the 
quantity  of  albumen  and  gluten ;  in  other  words,  of  flesh  at- 
tained in  each  particular  species  of  food  examined;  for,  as  a 
general  rule^  vegetable  food  does  not  contain  any  other  azotised 
principle.  It  is  true,  indeed,  that  all  the  azotised  principles  of 
vegetable  origin  cannot  be  considered  as  nutritious ;  some  of 
them,  oh  the  contrary,  are  virulent  poisons  or  active  medicines, 
according  to  the  dose  in  which  they  are  administered.  But 
theise  poisonous  substances  are  not  met  with  in  appreciable 
quantity  in  the  plants  which  are  commonly  grown  for  the  food 
either  of  man  or  beast.  Still  all  the  truly  nutritious  artides  of 
food  (Contain  an  azotised  principle.  The  experiments  of  M. 
Magendie  have  shown  that  substances  which   contain  no  azcitl^ 
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such  as  i^Ugar,  starch,  oil,  will  not  suppoi^  life ;  ahd,  on  the 
othet  hand,  it  is  ascertained  that  the  qu^ity  of  alimentary  ihktter, 
flour,  for  example,  increases  with  the  amount  of  gluten  which  it 
contaitis.  It  is  because  the  seeds  of  the  leguminous  vegetables 
jffe  richef  in  dzotised  principled,  that  is,  in  fiesh^  that  tney  arc 
also  liiofe  highly  nutritious  thah  the  seeds  of  the  cereals. 

These  several  coiisiderations,  therefore,  induce  me  to  conclude, 
that  the  nutritious  principles  bf  plants  and  their  products  re- 
side  in  thHr  dzotisisd  prindples,  arid  consequently  that  their 
nutritious  powers  are  in  proportion  to  the  quantity  of  azote 
they  contain.  From  what  precedes,  however,  it  is  obvious  that 
I  am  far  from  regarding  azbtised  principles  alone  as  sufficient 
fot  the  ntitrition  of  aiiittijlls ;  bUt  it  is  a  fact,  that  every  highly 
azotised  vegetalble  nutritive  substance  is  generally  accompanied 
by  the  othet  oi'ganic  and  inof^ganic  substances  which  concur  in 
nutrition. 

In  seeking  to  learn  the  precise  quantity  of  azote  contained  in 
a  great  number  of  articles  used  as  food  for  cattle,  I  have  had  it 
in  view  particidarly  to  find  a  standard  or  fixed  point  for  estimat- 
ing their  comparative  nutritive  properties.  It  is  long  since 
more  than  one  of  the  most  distinguished  farmers,  both  of  Eng- 
land and  Germany,  essayed  to  resolve  this  important  problem  in 
rural  economy.  Thus  Thaer  and  many  others  have  given  tables 
of  the  quantities  by  weight  in  which  one  article  of  alimentation 
might  be  substituted  for  another.  These  tables  are  in  fact  tables 
of  equivalents  with  reference  to  food.  But  it  is  unfortunate  that 
there  should  be  considerable  diversity  of  statement  among  their 
authors.  Yet,  even  up  to  the  present  time  it  could  not  well  have 
been  otherwise,  and  these  discrepancies  will  only  surprise  those 
who  are  unacquainted  with  the  difficulties  of  the  subject.  One 
grand  cause  of  difference  probably  exists  in  the  degree  of  dry- 
ness of  the  article  subjected  to  experiment.  The  nature  of  the 
soil,  a  very  dry  or  very  rainy  season,  the  climate,  &c.,  must  all  be 
regarded  as  so  many  causes  influencing  the  quantity  of  water 
contained  in  plants,  and  in  consequence  their  actual  nutritive 
qualities.  The  only  sure  mode  of  proceeding,  in  short,  appears 
to  be,  to  reduce  the  several  articles  to  a  state  of  complete  dry- 
ness, and  to  make  their  quantity  in  this  condition  the  first  ele- 

LL  2 


menc  in  die  rerkaaiiig.     I  ooay  ^old^  chat  the  theoretical  data 
afataiiied  b^  procecffin^  in  this  wav  have  abeadf  been  approfcd 

Hay  may  be  assomed  as  me  masL  coomiDn  crjusrfasaHjvaed 
of  ail  lends  of  fibdder:  k  is  in  some  s(xt  the  staple  food  of 
the  MiifTu>I»  riing  ;ire  uaniciilariy  accurhed.  to  an  agncultaral  oott* 
cem,  and  may  mor^bre  be  appropriafidy  made  the  standaid  of 
comparison  &r  afl.  ocher  Idnds  of  &od  or  Sange-  Haj  ituM, 
however,  varies  gready  in  point  of  qoalicy ;  in  assuming  it  as  the 
standard,  I  have  chon^bce  to  scate  tiiat  meadow  hay  of  good 
qoaUcy  is  to  be  understood.  The  analyses  which  I  have  made 
cf  this  artide  at  (fi&rent  timesy  sats^  me  that  in  the  state  ia 
which,  it  s  commooly  used,  it  contains  from  1.0  to  I^  of  aaole 
per  cenL  In  rhnnsing  a  specimen  for  analyss^  it  is  of  coarse 
highly  necessary  that  it  be  an  average  specimen  ;  that  it  consist 
c^  equal  or  rather  relative  proportiocs  of  the  several  i*l^»nffi*< 
which  enter  into  its  coostitotion,  such  as  stalks^  leaves^  floweis, 
and  seeds.  Taking  a  sample  of  hay  tor  instance,  we^hii^ 
exactly  3  lbs.  avoinL,  I  Ibond  that  it  was  made  i^)  of: 

Hard  woocfr  stems 2.3S3  lbs. 

Bottoms  of  lesv^s  and  trv  izte  ^ems  0.S47 

Flnwen.  lea^Tcs,  and  a  few  seed?  1.760 


5.000 


The  nkiniate  analvss  of  which  eave : 

Of  azote  per  cent 1. 19 

Military  cootnct  Imj  of  1840  gacre  of  azote  per  cent  1.21 

Hay  made  in  Alaace  in     1835         ,»  »,  1.04 

Hay  made  in  Alsace  in     1837         „  „  1.15 

Average  of  azote  per  100  .         .     1.15 

Hay,  as  it  is  generally  used,  contains  from  1 1  to  12  per  cent 
of  water,  which  is  got  rid  of  by  thorough  driring.  And  as  albii- 
men,  caneum,  and  v^table  gluten  contain  16  per  cent  of  azote, 
we  perceive  that  the  azotised  matter  which  is  the  representative 
of  Jleshf  in  hay  may  be  represented  by  the  number  7.2  p&r  cent. 
Hay  does  not,  indeed,  always  contain  so  much  azote ;  that  which 
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is  won  from  marshy  lands  cx)ntains  much  less ;  and  again  there 
are  samples  that  contain  more.  After-math,  or  second  crop  hay, 
is  certainly  more  nutritious  than  first  crop  hay,  a  fact  which  we 
have  ascertained  repeatedly  at  Bechelbronn ;  but  this  hay  is  never- 
theless held  less  suitable  for  horses,  probably  because  being  made 
late  in  the  season,  it  is  commonly  stacked  more  or  less  damp, 
and  suffers  change  in  consequence : 

After-math  hay  gave 2.0    per  cent  of  azote 

A  choice  sample  of  the  best  hay  .         .     1.29 

The  flower  or  ear,  containing  little  woody  stem     2.1 


ft 
tt 


These  examples  suffice  to  show,  that  when  an  animal  is  to  be 
put  upon  another  kind  of  food  than  hay,  it  is  very  necessary  to 
take  the  quality  of  [the  latter  article,  which  has  been  employed, 
into  the  account.  In  the  table  which  I  shall  immediately  pre- 
sent, I  have  assumed  good  meadow  hay,  containing  1.15  of  azote 
and  11  of  water  per  cent  for  my  standard.  The  importance  of 
a  table  of  equivalents  for  forage  has  long  been  felt  by  farmers ; 
and  they  who  have  given  their  attention  to  the  accumulation  of 
data  for  its  construction,  deserve  our  best  thanks.  The  use  of  a 
table  of  equivalents  is  extremely  simple :  the  numbers  placed 
underneath  the  value  of  hay  indicate  the  weights  of  the  several 
kinds  of  forage  named  in  the  first  column,  which  may  respec- 
tively be  substituted  for  100  parts  of  hay  by  weight.  Thus, 
according  to  Block,  366  lbs.  of  carrots  may  be  substituted  for 
1 00  lbs.  of  meadow  hay.  Pabst  holds  60  lbs.  of  oats  to  be 
equivalent  to  100  lbs.  of  hay.  If  the  question  be  to  replace 
7.26  or  7|  lbs.  of  oats  in  the  ration  of  a  horse  by  Jerusalem 
artichokes,  we  find  in  the  table  that  60  of  oats  are  equivalent  to 
274  Jerusalem  potatoes,  and  we  therefore  infer  that  35.2,  say 
35|  lbs.  as  the  weight  of  the  root  to  be  substituted  for  that  of 

the  oats. 

Certain  information  on  the  nutritive  value  of  the  various  ar- 
ticles consumed  by  cattle  as  food,  is  really  of  high  importance  in 
rural  economy ;  it  is  obviously  the  only  guide  for  the  feeder  in 
the  use  or  purchase  of  forage.  Let  us  suppose,  for  example, 
that  a  measure  of  potatoes  (22  gallons)  weighing  165  lbs.  is 
Worth  1  Od.  at  iriarketi  and  that  hay  is  worth  28.  6d.  the  cwt. ; 
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2  cwtsf.  or  rather  220  lbs.  would  cost  5^.  Let  ds  now  admit  on 
theoretical  grounds,  that  this  quantity  of  hay  is  equivalent  to 
693  lbs.  of  potatoes ;  it  plainly  appears,  on  looking  at  the  co^t  of 
these  equivalents,  that  there  would  be  a  positive  advantage  in  using 
potatoes,  inasmuch  as  they  are  worth  no  more  than  3s.  6^, 
There  would  indeed  be  money  to  be  made  by  selling  hay,  afid 
purchasing  its  equivalent  in  potatoes. 

The  equivalents  which  I  have  deduced  from  my  elementary 
analyses,  agree  pn  many  occasions  with  the  conclusions  of  prac- 
tical men ;  in  others,  they  differ  notably  from  them ;  at  die 
same  time  it  must  be  observed,  that  the  practical  equivalents 
differ  from  one  another  in  at  least  an  equal  degree.  We  ^, 
for  instance,  that  Schnee  and  Thaer  think  220  lbs.  of  hay  will 
be  replaced  by  1465  lbs.  of  wheat  straw,  whilst  Flottow  gi?tt 
429  lbs.  as  the  equivalent  number.  According  to  Mayer,  630  lbs. 
of  turnip  are  equivalent  to  220  lbs.  of  hay,  whilst  Middleton 
gives  1 760  as  the  equivalent  number  of  turnips,  a  number  which 
coincides  rema^rkably  with  that  inferred  from  theory.  Blpdc 
assigns  66  as  the  equivalent  number  of  peas.  Thaer  makes  it 
more  than  twice  as  high,  viz.>  145.  Mangel-wurzel,  according 
to  Thaer,  is  represented  by  1012;  whilst  Mayer  and  Pab^t  call 
it  but  55Q,  apd  M.  de  Dombasle  states  it  a  little  higher,  viz., 
574.  However  highly  we  estimate  the  difficulties  of  coming  to 
accurate  conclusions  op  the  subject  of  alimentation  or  feeding,  it 
is  not  easy  to  account  for  such  discrepancies  among  practical 
men ;  and  then,  as  to  the  astonishing  similarity  which  their  oou- 
elusions  bear  to  one  another  upon  many  heads,  it  is  impossible 
to  overlook  the  fact,  that  the  resemblance  is  far  more  in  appear- 
ance than  in  fact ;  for  it  is  notorious,  that  the  generality  of  Uios^ 
who  have  committed  themselves  to  writing  have  genen^y  copied 
each  other.  Indeed,  it  is  not  always  very  obvious  whether  the 
equivalent  number  which  we  find  assumed,  has  been  detefaup^ 
by  the  farmer  from  his  own  observation  or  experience,  or  has 
been  adopted  from  some  other  observer.  No  one  who  is  not  a 
total  stranger  to  the  art  of  making  experiments,  will  ever  be 
brought  to  believe  that  eleven  experimenters,  operating  sepa- 
ntdy,  oould  have  fellen  plump  upon  the  numb^  90  9§  ^e 
equivalent  for  luoem,  or  even  that  any  five  of  them  could  \ifkw 
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lighted  upon    600,  ueither  more  nor  lesa^  as  the  equivalent 
number  for  cabbage ! 

The  method  which  I  have  myself  pursued,  that  naipely  of  in- 
ferring the  nutritious  quality  from  the  contents  in  azote,  is  far 
from  being  free  from  objection ;  on  the  whole,  it  may  be  said  to 
place  the  equivalents  somewhat  too  low,  inasmuch  as  by  the  pro- 
cess of  elementary  analysis,  the  quantity  of  azote  is  apt  to  come 
out  a  little  too  high,  some  portion  of  it  being  derived  from  the 
nitrates  present  in  vegetables,  which  are  certainly  of  no  avail  in 
nutrition.  This  is  the  source  to  which  I  ascribe  the  anomaly 
presented  by  the  leaves  of  mangel-wunpel.  And,  then,  it  is  not 
to  be  forgotten  that  in  dosing  the  azote  we  have  regard  but  to 
the  flesh  contained  in  the  article  of  food,  which  although  unques- 
tionably the  principle  that  is  of  highest  value,  and  the  one  which 
is  apt  to  be  most  deficient  is  still  not  all.  The  neutral  non- 
azotised  substances,  starch,  sugar,  gum,  oil,  are  indispensable  as 
auxiliaries  in  the  alimentation  of  cattle ;  the  three  first  undergo 
changes  in  the  course  of  the  digestive  process  which  fit  them  to 
be  absorbed  immediately,  and  the  oil  is  brought  to  the  state  of 
an  emulsion,  and  so  is  taken  up  and  adds  to  the  fat.  The 
woody  fibre  alone  of  vegetables  appears  to  have  no  direct  share 
in  the  nutrition  of  animals ;  it  is  discovered  almost  or  altogether 
unchanged  in  the  dejections. 

It  is  therefore  everything  but  matter  of  indifference  whether  a 
particular  article  of  forage  contains  a  larger  or  a  smaller  propor- 
tion of  starch,  sugar,  &c.,  associated  with  a  given  quantity  of 
azotised  or  truly  animalized  matter.  The  potato  and  meadow 
hay  brought  to  the  same  state  of  dryness,  contain  as  nearly  as 
possible  the  same  proportions  of  azote;  from  1*3  to  1.5  per 
cent,  in  other  words,  about  8^  per  cent  of  albumen  and  gluten, 
i.  e.y  of  flesh.  But  in  the  potato,  almost  the  whole  of  the  91^ 
per  cent  of  the  remainder  consists  of  starch ;  whilst  in  hay  it  h 
woody  fibre,  inert  matter  as  we  must  presume  it,  that  is  present 
in  by  far  the  largest  proportion.  And  this  explains  the  higher, 
value  of  the  same  weight  of  dry  potato  as  an  article  of  sustenance. 
To  give  our  theoretical  equivalents  all  the  precision  that  is  really 
desirable,  it  would  be  necessary  to  asoertfon  the  quantity  of  or- 
ganic matter  which  escaped  digestion  with  reference  to  each  par- 
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ticular  species  of  food.  This  is  an  inquiry  which  it  is  my  pur- 
pose to  enter  upon  by  and  by.  The  labour  completed,  we  should 
then  be  in  possession  of  tables  in  regard  to  the  proportion  of  the 
non-azotised  as  well  as  the  azotised  principles  ;  and  further,  to 
the  quantity  of  inert  matter  which  it  would  be  proper  to  deduct 
from  the  weight  of  the  ration  allowed  in  each  case. 

To  have  determined  the  azote  in  an  article  of  food,  then,  is 
not  to  have  done  all  that  is  strictly  necessarj* :  still  azote  is  the 
scarce  element  in  all  kinds  of  vegetable  food ;  starch,  guni,  sugar, 
pectine,  oil,  are  universally  present,  and  generally  in  adequate 
quantity.  As  articles,  as  unlike  one  another  as  possible,  I  have 
mentioned  potatoes  and  meadow  hay.  Now  the  theory  indicates 
300  of  the  root  for  1 00  of  the  dried  grass ;  and  I  can  state 
positively,  from  long  and  repeated  observation,  that  it  is  not 
advisable  in  practice  to  substitute  less  than  280  of  potatoes  for 
100  of  meadow  hay. 

The  state  of  diyness  of  certain  kinds  of  forage  may  have  a 
marked  influence  on  their  nutritious  qualities.  They  may  even 
decline  in  nutritive  value  by  the  process  of  drying,  so  that  ana- 
lysis of  itself  may  lead  us  into  error  in  regard  to  the  nutritive 
value  of  dry  articles  of  food.  Breeders  have  in  fact  long  sus- 
pected that  green  fodder  is  more  nutritious  than  dry  fodder ;  that 
grass,  clover,  &c.,  lose  nutritious  matter  by  being  made  into  hay. 
That  the  thing  is  so  in  fact,  appears  to  have  been  demonstrated 
by  a  skilful  agriculturist,  well  acquainted  with  the  art  of  experi- 
menting,* who  found  that  9  lbs.  of  green  lucem  were  quite 
equal  in  foddering  sheep  to  Sra  lbs.  of  the  same  forage  made  into 
hay,  whilst  he  at  the  same  time  ascertained  that  9  lbs.  of  green 
lucern  would  not  on  an  average  yield  more  than  2.02  lbs.  of  hay. 
In  allowing  each  sheep  St*©  lbs.  of  lucern  hay  as  its  ration,  con- 
sequently, it  was  as  if  the  animal  had  had  14.34  or  more  than 
14:J  lbs.  of  the  green  vegetable  for  its  allowance. 

These  practical  facts  are  obviously  of  great  importance ;  they 
prove  beyond  a  shadow  of  doubt  that  the  belief  of  agriculturists 
in  general  as  to  the  immense  advantages  of  consuming  clover 
and  lucem  as  green  meat  is  well  founded.  Nor  is  this  all ;  it  is 
not  merely  the  absolutely  greater  feeding  value  of  the  crop  green 

*  M.  Pcrrault  de  Jotemps,  in  Journ.  d'Agriciilt.  v.  in,  p.  97. 
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than  of  the  crop  dried  and  made  into  hay ;  there  is  farther^  the 
saving  of  expense  in  making  the  hay,  and  still  farther,  the  es- 
cape of  all  risk  from  loss  through  bad  weather  during  the  pro- 
cess, by  which  that  which  was  valuable  fodder  but  a  few  days 
before,  may  become  fit  only  for  the  dung-hill.  Still,  because 
loo  of  green  clover  or  lucem  represent  23  of  the  same  articles 
dried,  it  does  not  follow  that  the  feeding  properties  of  the  fodder 
in  each  of  the  two  states  can  be  truly  represented  by  the  ratios 
of  these  numbers  to  one  another.  Messrs.  Perrault  find  from 
their  experiments  that  the  true  relation  is  8  to  3.  By  assuming 
71.5  lbs.  as  the  quantity  of  dry  forage  obtained  from  220  lbs. 
of  green  clover  or  lucem,  the  quantity  which  is  actually  obtained 
on  an  average,  the  ratio  comes  out  8  to  2.6,  a  number  which 
falls  somewhat  short  of  that  which  is  assumed,  but  not  much. 
With  regard  to  the  diflFerence  in  the  feeding  or  nutritive  value  of 
green  and  dried  fodder,  the  loss  may  in  a  general  way  be  as- 
cribed to  loss  of  the  more  substantial  parts  of  the  plants  especially 
experienced  in  the  process  of  drying.  This  is  the  conclusion, 
at  all  events,  to  which  M.  Crud  came  ;  I  have  myself,  however, 
found  that  clover  hay,  made  in  the  field  and  oicked  in  the  usual 
way,  had  not  the  same  nutritive  value  as  a  quantity  of  the  same 
crop  carefully  dried  in  the  laboratory. 

By  way  of  pendant  to  the  conclusions  of  Messrs.  Perrault, 
from  their  valuable  observations,  I  shall  here  add  the  average  of 
some  experiments  that  were  made  at  Bechelbronn,  in  1841,  on 
the  conversion  of  clover  into  clover  hay.  The  clover  crops  of 
this  season  were  magnificent ;  the  plant  in  its  second  year  grow- 
ing to  more  than  a  yard  in  height.  Green  clover  on  the  average 
may  be  considered  as  consisting  of: 

Clover  hay       •         .         .         .29.85 
Water 70.15 

100.00 

As  extremes  in  our  experiments  of  1 84 1 ,  we  add  : 

Clover  hay         .         .     35.7  25.0 

Water      .         .        .     64.3  76.0 

100.0  100.0 
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Analysis  gave  the  number  75  as  the  autritive  equivf 
number  of  clover-hay.  Assiuniog  76  to  represent  the  mois 
lost  during  the  drying,  the  equivalent  becomes  311  for 
same  fodder  in  the  green  state,  meadow-hay,  the  staac 
being  100. 

But  practice  is  not  here  in  harmony  with  theory  ;  the  i 
of  clover-hay,  in  point  of  nutritive  power,  is  found  not  to  c 
essentially  from  that  of  meadow-hay ;  and  the  equivalen 
green  clover  is  generally  placed  between  425  and  500.  A 
may  say  that  daily  experience  in  the  stable  tends  to  show 
the  theoretical  equivalent  of  dover-hay  is  too  high,  tha 
nutritious  properties  are  not  so  great  as  they  are  inferred  tt 
Trova  a  mean  of  four  weighings,  I  tind  that  four  cows  i 
green  clover  consume  2499  lbs.,  or  624^  lbs.  each  per  d 
The  usual  allowance  to  one  of  our  cows,  however,  is  33  lb 
hay  of  good  quality ;  from  which  it  would  fdlow,  Utat 
equivalent  of  green  clover  would  be  445.  But  the  animal 
the  green  fodder  fattened  apace,  and  every  thing  showed 
they  were  very  differently  nourished  than  they  would  have  1 
with  their  33  lbs.  of  meadow-hay.  According  to  theore 
data,  each  cow  in  its  624^  lbs.  of  green  food  per  day,  reoe 
an  equivalent  of  47>31bs.  of  hay;  and  if  it  be  considered 
during  the  season  of  green  forage  they  have  it  almost  at 
it  must  be  conceded  that  during  this  period  the  quantity  of 
consumed  is  actually  greater  than  when  it  is  r^ularly  doled 
Additional  experiments  are  therefore  necessary  to  decide  the  q 
tion  as  to  whether  forage  eaten  green  is  r^y  more  outrit 
than  the  same  forage  consumed  when  converted  into  bay. 
my  own  part,  I  should  not  be  siuprised,  irom  what  I  have  i 
were  it  found  that  drj'  fodder,  previously  mobtened  and  carei 
portioned  out,  was  actually  more  nourishing  than  the  s 
food  would  have  been  had  it  been  eaten  green.  Green  for 
of  a  very  soft  or  watery  nature,  is  notoriously  possessed  of  | 
gative  properties,  which  must  lessen  its  value  as  food ;  but 
observation  leads  me  to  say  on  the  other  hand,  that  anii 
kept  upon  diy  fodder  require  more  care  with  regard  to  wate 
than  is  generally  bestowed  upon  them.    The  absolute  neca 
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of  ^  sufficient  degree  of  moistness  in  the  foo4  in  order  to  secure 
its  due  and  easy  digestion,  greatly  countenances  the  practice 
which  is  beginning  to  be  introduced  in  some  places  of  steeping 
hay  for  some  time  in  water  before  giving  it  to  cattle.  This 
necessity  farther  explains  the  great  advantages  in  associating 
with  dried  fodder  other  very  watery  articles,  such  as  roots  and 
tubers,  turnips  and  field-beet,  potatoes  and  Jerusalem  artichokes. 

The  oleaginous  seeds  contain  a  considerable  proportion  of 
animalized  matter,  similar  in  composition  and  qualities  to  the 
caseum  of  milk ;  and  the  cake  which  comes  from  the  oil-mill 
retains  almost  the  whole  of  this  substance.  The  proportion  of 
from  0.05  to  0.06  of  azote,  indicates  nearly  42  per  cent  of  the 
repr^entative  of  flesh  in  oil-cake.  Theory,  in  fact,  rates  the 
nutritious  power  of  this  substance  so  high,  that  1 00  of  hay  may 
be  replaced  by  from  22  to  27  of  cake. 

The  almost  universal  use  of  oil-cake  in  the  feeding  and  fat- 
tening of  cattle,  is  of  itself  sufficient  evidence  of  its  highly  nutri-^ 
tive  qualities.  It  has  even  been  found  possible  to  keep  sheep 
and  oxen  upon  this  food  almost  exclusively.  M.  Bouscaren 
finding  considerable  difficulty  in  getting  rid  of  his  oil-cake, 
thought  of  associating  with  his  oil-mill  an  establishment  for 
feeding  cattle  i  and  he  found  that  oxen  put  up  to  fatten  throve 
perfectly  upon  a  mixture  of  the  refuse  of  the  wine-press  and 
oil-cake.  Cows,  upon  a  diet  of  this  kind,  give  on  an  average 
1 2^  pints  of  milk  per  diem.  The  allowance  per  head  is  about 
1 5  lbs.  of  oil-cake  in  three  meals,  given  each  time  immediately 
after  the  animals  have  been  watered,  and  in  the  interval,  each  is 
allowed  about  1 2  lbs.  of  straw  or  chaff.  The  cake  broken  in 
pieces  is  steeped  in  water,  and  worked  up  into  a  paste  of  the 
coi^sistenqr  of  dough.  If  the  animus  show  any  disinclination 
to  this  food  f^t  first,  they  are  brought  to  like  it  by  having  a  ball 
of  it,  the  size  of  the  fist,  administered  to  them  two  or  three 
times. 

Supposing  that  the  cows  fed  in  this  way  would  be  adequately 
maintained  upon  33  lbs.  of  hay,  and  that  1 3  lbs.  of  straw  are 
equivalent  to  S^V^.  of  h^y,  it  appears  that  in  the  allowa^c^ 
given,  1 5  lbs.  of  pil-cake  will  supply  tha  place  of  30  ^bs.  of  bay ; 


530  Food  and  feeding. 

the  equivalent  of  the  cake,  therefore,  51.5,  a  number  very  dif- 
ferent from  the  22  deduced  from  analysis.  The  equivaleots 
of  those  who  have  sought  to  appreciate  the  alimentary  value  of 
oil-cake  are,  however,  sufficiently  at  variance  with  one  another. 
It  will  be  seen  in  the  table,  that  the  numbers  assigned  by  dif- 
ferent authorities  are  42,  57  and  108  ;  and  M.  Perrault,  from 
direct  experiment,  found  the  equivalent  number  of  colza-cake  to 

[  be  36,  analysis  giving  23  as  the  theoretical  number.      On  the 

j  whole,  it  may  be  said  that  in  practice,  the  results,  although 

sufficiently  different,  still  agree  in  ascribing  to  oil-cake  a  nutri- 

1  tive  value  inferior  to  that  indicated  by  theory. 

\  I  have  thought  it  important  to  insist  upon  the  diserepancy 

'  '  which  is  here  so  conspicuous  between  the  inferences  from  che- 

mical analysis  and  those  arrived  at  by  experience,  because  it 
appears  to  me  to  depend  upon  a  particular  circiunstance  whicfa 
frequently  intervenes  in  the  feeding  of  cattle,  and  which  it  is 
very  important  to  be  aware  of :  I  allude  to  the  influence  of  the 
bulk  of  the  allowance  of  food. 

Vegetable  food  of  every  description  has  nearly  the  same 
specific  gravity ;  it  is  but  little  above  that  of  water ;  the  bulk  of 
the  allowance  therefore  depends  upon  its  weight.  Every  one  will 
conceive  that  a  ration  of  highly  nutritious  food,  which  for  this  rea- 
son would  occupy  but  little  space,  would  be  open  to  many  objec- 
tions. A  cart-horse,  of  the  ordinary  size,  from  what  I  have  mysdf 
repeatedly  observed,  requires  from  26  to  33  lbs.  of  solid  food, 

if  and  about  the  same  quantity  of  water  in  the  twenty-four  hours. 

The  bulk  of  this  allowance,  when  masticated  and  brought  to  the 
state  in  which  it  is  swallowed,  will  be  upwards  of  9|  cubic  feet. 
Now,  if  for  the  ordinary  forage,  one  that  is  five  times  more 
nutritious  were  substituted,  oil-cake,  for  example,  the  dry  ration, 
according  to  the  rule  of  equivalents,  would  be  reduced  to  6.6^  or  a 
little  more  than  4^  lbs ,  and  its  bulk  would  not  surpass  5^  cubic 
feet.  The  animal  would  not  feel  satisfied  with  this  allowance,  it 
would  still  feel  hungry,  or  the  food  given  in  such  a  concentrated 
shape  would  disagree  with  it.     If,  on  the  contrary,  a  forage  that 

i  is  very  little  nutritious,  were  substituted,  such  as  wheat-straw,  the 

equivalent  of  which  is  500,  the  ration  would  then  become  too 


J 
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bulky  to  be  eaten  in  the  course  of  a  day,  it  would  amount  to  as 
many  as  1 65  lbs.  It  is  therefore  absolutely  necessary  to  take  into 
consideration  the  bulk  of  the  food  allowed :  the  belly  must  of 
necessity  be  filled  ;  whatever  the  nutritive  value  of  any  article,  it 
must  be  given  in  a  certain  quantity ;  and  in  the  case  of  such  a 
substance  as  oil-cake,  the  consumption  to  fill  the  stomach  would 
cease  to  be  in  any  kind  of  proportion  to  the  nutritive  equivalent. 

It  is  extremely  difficult  to  appreciate  the  precise  limits  be- 
yond which  an  article  of  forage  or  a  given  ration  ceases  to  be 
nutritious.  When  any  addition  is  made  to  an  allowance  known 
and  admitted  to  be  sufficient,  the  effect  of  the  extra  quantity  is 
scarcely  perceptible ;  so  that  in  practice,  we  are  apt  to  fall  into 
the  error  of  estimating  at  too  low  a  rate  the  nutritious  powers  of 
food  given  in  too  large  quantities.  I  have  had  proof  of  this  in 
a  series  of  experiments  on  the  maintenance  of  a  number  of 
milch-kine.  To  a  cow  which  was  receiving  the  equivalent  of 
33  lbs.  of  meadow-hay  in  dry  fodder  and  Jerusalem  potatoes,  an 
addition  was  made  of  6^  lbs.  of  oil-cake,  by  which  the  allowance 
of  nourishment  was  doubled  theoretically ;  the  animal  only  ate 
the  half  of  the  cake,  however ;  still,  the  quality  of  the  milk  was 
not  improved.  Experience  here  would  compel  us  to  set  down 
the  3^  lbs.  of  cake  consumed  as  nil ;  yet  it  is  positively  ascer- 
tained that  the  article  is  one  of  the  most  substantial  known. 

The  hard  and  husky  grain  which  is  given  to  cattle,  fre- 
quently escapes  digestion,  because  it  has  escaped  the  teeth; 
a  circumstance  which  leads  to  the  formation  of  an  estimate  of 
its  nutritious  qualities  inferior  to  those  it  actually  possesses. 
To  prevent  this  loss,  oats  are  now  often  bruised,  as  are  beans 
and  peas  also ;  or  they  are  mixed  with  chopped  hay  or  straw, 
which  the  animals  are  compelled  to  chew  thoroughly  before  they 
can  swallow  it ;  or  the  corn  is  steamed  or  steeped  in  boiling 
water  before  it  is  put  into  the  manger.  Some  experiments  that 
were  instituted  by  order  of  the  French  veterinary  commission, 
however,  seemed  to  show  that  the  loss  of  corn  from  passing 
through  the  stomach  and  bowels  unchanged  was  really  so  trifling, 
that  it  might  be  safely  left  out  of  the  account. 

Tubers  and  roots  are  invaluable  fodder  for  horned  cattle,  and 
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in  the  ooime  of  the  winter,  come  instead  of  hay  to  a  oomSAr- 
aUe  extent  Our  experience  at  Becfaelbronn  also  enables  m  to 
sar  that  horses  are  rradily  brought  to  a  regimen  of  the  sane 
docription,  which,  judidouslv  instituted,  becomes  the  ineaos  d 
great  economy  in  the  maintenance  of  these  animals. 

Roots,  turnips,  and  mangd-wurzel  are  fiequently  thrown  dowi 

whole  before  the  animals.     It  is  vastly  better,  nay,  it  is  so  moci 

better  that  it  ought  to  be  made  an  invariable  rule  nerer  to  pn 

them  save  cut  into  slices  and  mixed  with  cut  straw  or  diaffl  TbcR 

is  always  a  great  advantage  in  combining  any  very  soft  and  wataj 

article  of  food  with  one  that  is  dry  and  hard,  to  say  Dothii^  of 

the  chaff  absorbing  and  rendering  useful  the  juices  that  wouB 

escape  and  be  lost. 

I  Mangd-wurzd,  timiips,  carrots,  and  Jerusalem  potatoes  are 

I  always  given  raw.      The  potato  k  frequently  steamed  or  boSed 

-  first ;  yet  I  can  say  positively,  that  homed  cattle  do  extremelf 

well  upon  raw  potatoes ;  and  at  Bechelbronn,  our   cows  new 
have  them  otherwise  than  raw ;  they  are  never  boiled  save  fir 
horses  and  hogs.     The  best  mode  of  dealing  with  them  is  to 
•j  I  steam  them ;  they  need  never  be  thoroughly  boiled  as  when 

J  J  they  are  to  serve  for  the  food  of  man.     The  steamed  or  boiled 

,  potatoes  are  crushed  between  two  rollers,  or  simply  broken  with 

^  ^  j  .  a  wooden  spade  or  dolly,  and  mixed  with  cut  hay  or  straw  or 

j  j  f  ^  chaff  before  being  served  out.     It  may  not  be  unnecessary  to 

'  i  I  obsen^c  that  by  steaming,  potatoes  lose  no  weight ;  whence  we 

'     *  conclude,  that  the  nutritive  equivalent  for  the  boiled  is  the  same 

as  that  for  the  raw  tuber.     Nevertheless,  it  is  possible  that  the 

amylaceous  principle  is  rendered  more   readily   assimilable  by 

'  '  boiling,  and  that  by  this  means  the  tubers  actually  become  more 

jj  i  nutritious.     Some  have  proposed  to  roast  potatoes  in  the  oven ; 

I  and  there  can  be  little  question,  but  that  treated  in  this  way, 

they  answer  admirably  for  fattening  hogs  or  even  oxen.     Done 
in  the  oven,  potatoes  may  be  brought  into  a  state  in  which  they 
J  Jj  niay  perfectly  supply  the  place  of  com  in  the  foddering  of  horses 

i  [  and  other  cattle.     There  is  but  the  expense  of  the  firing  to  be 

.!  '  taken  into  the  account. 

The  only  mode  of  ascertaining  the  favourable  or  unfavourable 
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indUi^tice  of  any  pftliidtilar  system  of  diet  or  te^ni^n  \Xp6h  atii- 
mi^,  i^  by  weigliing  them.  In  regard  to  M-^own  animals  p^f- 
forming  regular  work,  fiiich  as  cart  and  plough  horses,  and  to 
mflch-kine,  the  allowance  ought  to  be  such  as  will  maintain  them 
hi  the  l^ame  or  nearly  the  same  weight.  Anything  like  stinting  is 
Immediately  followed  by  loss  df  fiesh  and  of  weight,  of  strength, 
and  spirit  in  the  animal.  The  allowance  being  continued  the 
ssLme,  l^milar  effects  Will  follow  any  increase  of  work,  any  exac- 
tion of  uhusual  effort  on  the  paH  df  the  animal  An  essential 
condition,  therefdre,  in  all  experiments  dn  the  due  dieting  dr 
feeding  df  animals,  is  that  they  be  performed  under  precisely 
similar  conditions  of  labour.  Young  animals  receiving  a  suf- 
ficiency df  wholesome  fdod  increase  from  day  to  day  by  a  quan- 
tity which  we  shall  have  occasion  immediately  to  mention ;  and 
all  changes  of  regimen  are  followed  at  once  by  notable  variations 
in  the  ratio  of  the  growth ;  if  the  new  regimen  be  less  nutri- 
tious than  that  which  went  before  it,  the  balance  immediately 
proclaims  the  fact. 

Cattle  put  up  to  fatten  are  always  supplied  with  a  superfluity 
of  fodder ;  the  excess  may  be  regarded  as  an  addition  to  the 
quantity  requisite  to  maintain  them  in  health  and  strength. 
The  increase  in  the  weight  of  an  animal  is  often  so  great  within 
a  given  time,  as  to  be  very  appreciable  by  weighings  made  even 
at  very  dose  intervals ;  the  balance  also  shows  us  that  the  rate 
of  increase  varies  at  different  periods  of  the  interval  during 
which  the  fattening  is  going  on.  An  animal  put  up  to  fatten 
for  the  butcher  is  not  the  best  subject  for  coming  to  conclusions 
upon  in  regard  to  the  nutritive  value  of  different  articles  of 
sustenance ;  still  it  is  useful,  in  a  practical  point  of  view,  to 
determine  the  influence  of  this  and  of  that  course  or  regimen  oh 
the  production  of  fat.  Any  misapplication  of  nutritive  equiva- 
lents is  speedily  proclaimed  by  the  animal's  losing  weight,  in- 
stead of  maintaining  or  gaining  upon  the  amount  to  which  it 
had  attained. 

When  the  quantity  of  fodder  has  been  ascertained  which  an  ani- 
mal ought  to  have  in  the  twenty-four  hours  to  maintain  it  in  full 
health  and  vigour,  or  that  may  be  necessary  to  enable  it  to  lay 
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on  additional  flesh  and  fat,  it  is  to  be  weighed,  and  the  artide  or 
mixture  of  articles  which  it  is  the  business  of  the  experimaitor 
to  try,  is  to  be  given  in  part  or  in  whole.  After  the  lapse  of  a 
certain  time,  the  animal  is  weighed  again  ;  and  the  weight  upon 
this  occasion  enables  us  to  say  whether  the  new  or  amended 
ration  is  superior,  equal,  or  inferior  to  that  which  had  preceded 
it.  Such  is  the  procedure  generally  followed ;  but  in  putting  it 
in  practice  myself,  I  saw  that  it  was  liable  to  lead  to  rather 
serious  mistakes,  which  I  then  used  every  effort  to  diminish  or 
to  nullify  in  the  experiments  which  I  undertook  on  the  keep  of 
horses,  experiments  which  I  think  interesting  enough  to  deserve 
being  particularly  related. 

In  a  considerable  number  of  observations  with  which  I  had 
become  familiar,  I  saw  that  the  course  had  not  always  been 
continued  for  a  sufficient  length  of  time ;  so  that  changes  which 
were  the  effect  of  mere  accident  must  frequently  have  been 
ascribed  to  the  effects  of  regimen.  In  a  general  way,  it  is 
acknowledged  that  an  adult  animal  upon  the  ration  that  is 
known  to  be  adequate  for  its  maintenance,  returns  at  the  same 
hour  every  day  to  the  yesterday's  weight ;  this,  however,  is  only 
strictly  true  in  reference  to  a  series  of  weighings  continued 
through  a  number  of  days  to  make  any  irregularity  between  one 
weighing  and  another  disappear. 

With  a  view  to  discovering  the  amount  of  variation  which  an 
animal  experiences  in  point  of  w^eight  when  it  is  fed  in  the  same 
uniform  manner,  is  foddered  precisely  at  the  same  hours,  &c., 
I  w^eighed  a  horse  and  a  mare,  which  were  leading  the  most 
regular  and  unvaried  life  possible,  for  they  were  both  employed 
in  working  an  exhausting  machine,  for  several  days  in  succes- 
sion, the  weighings  being  performed  at  noon  each  day  before 
they  were  watered,  and  from  four  to  five  hours  after  their  break- 
fast.    Here  are  the  results  in  a  tabular  form : 
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Date  of  th«  wdfliiiigt. 

WfllghtoftlMhorM. 

Wtighloflh«aiit*. 

kil. 

Ibf.  sTolid. 

Ul. 

Ibc.  aTolitl. 

16  December,  1841 

453.0 

996.6 

494.0 

1086.8 

17 

455.0 

497.0 

lo               •            •            •            •            • 

456.0 

497.0 

19 

454.0 

497.5 

1092.7 

20 

449.0 

988.9 

487.0 

, 

21 

449.5 

487.5 

22 

449.0 

492.0 

23 

454.0 

496.5 

24 

454.0 

998.8 

484.5 

1065.9 

25 

459.5 

1010.9 

t  • 

27 

448.0 

985.6 

490.5 

28 

452.0 

994.4 

496.0 

29 

454.0 

491.0 

30 

448.0 

484.0 

1064.8 

31 

Mean  weights          .        • 

452.5 

491.0 

452.0 

994.4 

491.8 

1081.9 

459.5 

1010.9 

497.5 

1092.7 

Minima 

Greatest  difference  above  the 

448.0 

985.6 

484.0 

1064.8 

16.5 

10.8 

Greatest  difference  below  the 

8.8 

17.1 

Difference  between  the  extreme 

7.7 

6.3 

Another  horse  (Old  Fox)  1 2  years  old,  taken  fiusting,  at  four 
o'clock  in  the  morning  of  the  28th  of  April,  1842,  weighed, 
105 1  lbs. ;  at  the  same  hour  of  the  29th,  he  weighed  1060  lbs. ; 
ditto  on  the  29th,  1038  lbs. 

It  is  obvious,  therefore,  that  a  horse  foddered  most  regularly 
and  weighed  at  the  same  hour,  nevertheless  presents  differences 
in  his  weight  that  may  amount  to  nearly  30  lbs. ;  and  which, 
without  assurance  of  ttds  fact,  we  should  be  disposed  to  ascribe 
to  the  effect  of  our  regimen.  This  is  enough  to  satisfy  us  that 
in  all  experiments  upon  feeding,  it  is  absolutely  necessary  to 
carry  them  on  for  some  considerable  time,  in  order  to  escape,  or 
at  all  events  to  lessen  the  errors  that  would  be  introduoed  into 
the  condusions  by  these  accidental  differences  of  w^ht.  They 
may  vary  with  reference  to  different  animals ;  they  are  necessarily 
smaller  in  amount  among  those  that  are  young  and  small,  such 
as  calves  and  sheep,  than  in  adult  oxen  and  horses ;  but  they 
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do  not  occur  the  less  on  that  account,  and  must,  therefore,  oc- 
casion errors  of  the  same  desaiption.  What,  then,  shall  we 
say  of  those  small  variations  in  the  weight  in  a  ewe  or  a  ram, 
amounting  perhaps  to  1  ^  or  2  lbs.,  ascertained  in  the  course  of 
an  experiment  carried  over  two  or  three  days,  though  conducted 
with  the  most  scrupulous  attention  to  accuracy  in  the  world? 
That  they  may  very  possibly  have  been  purely  accidental. 

The  first  in  every  series  of  experiments  on  the  maintenance  of 
animals,  ought  in  fact  to  have  it  in  view  to  ascertain  the  amount  of 
accidental  variation  in  the  weight  of  the  creatures  which  are  their 
subjects ;  as  this  variation  is  now  on  this  side  now  on  that,  there 
is  an  obvious  advantage  in  having  a  certain  number  upon  trial 
at  a  time  ;  any  error  that  occurs  will  thus  be  more  apt  to  be  cor- 
rected ;  and  the  results  may  be  held  more  worthy  of  confidence 
in   proportion  as  the   numbers  have   been    large  from   which 
they  have  been  deduced.     Another  cause  of  error  which   I  had 
occasion  to  discover  in  the  course  of  my  experiments  appears  to 
be  connected  with  the  weight  of  the  allowance.     Equal  in  nu- 
tritious value,  different  allowances  may  still  have  very  different 
weights ;  it  is  obvious,  that  a  ration  of  hay  and  corn  will  weigh 
much  less  than  its  equivalent  in  roots,  tubers,  or  green  meat 
Animals  that  have  been  kept  for  some  time  upon   a  dry  diet,  if 
put  on  one  that  is  very  bulky  and  watery,  will  immediately  in- 
crease very  considerably  in  weight ;  and  their  increase  is  both  so 
sudden  and  so  great,  that  it  is  impossible  to  ascribe  it  to  aug- 
mented nutrition,  to  flesh  and  fat  laid  on.     The  animals  are 
simply  distended,  their  paunch  and  bowels  are  filled  with  a  larger 
.quantity  of  food  than  they  were  before;  and  the  state    of  dis- 
,  tension  continues,  though  it  suffers  accidental  variations,  so  long 
as  the  new  course  of  feeding  is  persisted  in.      In  opposite  cir- 
cumstances, as  when  animals  that  have  been  long  upon  soft  and 
watery  food,  are  suddenly  put  upon  hard  diet,  they  always  drop 
very  considerably  in  weight.     These  sudden  changes  throw  ^ 
order  and  contradiction  into  the  conclusions,  and  puzzled  me 
greatly  until  I  discovered  their  cause.     It  is  obvious   that  no 
kind  of  reliance  can  be  placed  upon  the  conclusions  which  have 
been  come  to  from  single  weighings  made  at  the  end  of  eadi 
particular  course  of  alimentation.   To  get  at  results  which  shall  be 
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worthy  of  any  credit,  the  animals  that  are  to  be  made  the  subjects 
of  experiment  must  be  fed  for  several  days  upon  the  particular 
ration  that  is  to  be  approved,  in  order  to  be  brought  to  the  state 
of  body  which  may  be  said  to  belong  in  particular  to  each  system 
of  dieting,  before  being  weighed ;  it  is  only  when  this  is  attained, 
indeed,  that  the  experiment  can  be  held  to  be  properly  begun ; 
and  then  it  is  to  be  continued  for  a  sufficient  length  of  time  to 
lessen  the  influence  of  those  accidental  variations  of  weight,  of 
which  I  have  spoken  so  particularly.  It  is  perhaps  needless  to 
observe,  that  any  increase  in  weight  and  the  maintenance  of  that 
increase,  are  not  always  of  themselves  sufficient  signs  for  affirm- 
ing that  the  course  then  followed  is  superior  or  equal  to  the  one 
which  preceded  it.  Various  other  circumstances  of  divers  cha- 
racter must  be  taken  into  the  reckoning,  and  in  particular  the 
state  of  the  animals.  It  is  very  necessary  to  have  an  eye  to  the 
state  of  the  coat,  to  the  spirit  or  liveliness  of  the  animal,  to  the 
nature  of  the  dejections,  the  size  of  the  belly,  the  disposition  of 
draught  animals  for  their  work,  the  quantity  of  milk  given  by 
milch  kine,  &c.  Nevertheless,  and  as  a  general  proposition,  it 
may  be  said  that  a  stationary  condition,  or  a  slight  increase  of 
weight,  is  almost  always  in  favour  of  the  course  along  with  which 
it  is  gained  or  maintained,  whilst  any  loss  is  almost  always  an 
indication  of  an  inadequate  allowance  or  of  deficient  nutritive 
qualities  in  the  ration,  taken  in  connexion  with  the  work  required 
or  the  milk  obtained. 

The  experiments  which  I  am  about  to  detail  were  under- 
taken to  determine  the  nutritive  value  of  a  variety  of  forages 
associated  with  the  ordinary  articles  in  keeping  the  horse.  The 
great  dearth  of  forage  that  was  felt  in  Alsace,  in  consequence  of 
the  extraordinary  droughts  of  1 840,  led  us  to  feel  the  full  im- 
portance of  researches  in  this  direction ;  for  then  we  were  com- 
pelled to  replace  by  potatoes  a  very  large  proportion  of  the  hay 
usually  consumed  in  the  stable.  And,  indeed,  by  assuming  the 
theoretical  equivalent  as  the  basis  of  this  substitution,  I  found 
that  I  saved  money  by  the  course,  at  the  same  time  that  the 
health  and  strength  of  my  draught  cattle  were  maintained  unim- 
paired. Still  as  every  question  that  bears  upon  the  keep  of  the 
animals  attached  to  a  fsinn  is  too  important  to  be  left  to  the  de^ 
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dsion  of  theory  alone,  I  thought  it  imperative  on  me  to  contrcd 
the  inferences  of  chemical  analysis  by  the  results  of  ezp^ 
rimce. 

The  best  food  for  horses  has  long  been  admitted  to  be  hay 
and  oats  in  combination ;  neither  article  alone  would  have  the 
same  happy  effect  that  the  two  together  produce.  A  ration  of 
hay  alone  would  be  too  bulky ;  one  of  oats  alone  would  not  be 
bulky  enough.  But  the  horse  is  not  particular  in  his  food.  Bariey 
in  southern  countries  replaces  oats,  and  answers  equally  well.  I 
have  myself  kept  horses  and  mules  for  long  periods  of  time  on 
maize  and  the  tops  of  sugar  canes  exclusively ;  and  on  the  de- 
vated  table-lands  of  the  Andes,  and  in  the  steppes  of  South 
America,  the  horses,  though  they  do  much  hard  work,  are  kept 
wholly  on  green  meat  Much  of  course  depends  on  the  way  in 
which  the  animal  has  been  brought  up. 

In  the  circumstances  in  which  we  are  generally  placed  in  this 
country,  I  do  not  imagine  that  there  would  be  any  actual  ad- 
vantage in  replacing  the  ordinary  food  of  our  horses  by  roots  and 
k  tubers ;  I  doubt  even  whether  the  substitution  would  have  good 

r  effects.     I  know,  indeed,  that  horses  have  been  kept  through 

the  winter  upon  potatoes  and  mangel-wurzel ;  but  it  is  a  different 
matter  to  feed  an  animal  and  keep  him  standing  quiet  in  the 
stable  without  work,  and  to  feed  him  at  the  same  time  that  a 
certain  quantity  of  labour  is  required  of  him  every  day.  A 
horse  in  full  work  would  scarcely  get  through  the  bulky  rationi 
which  should  consist  of  beetroot  alone ;  his  meal  times  are  re- 
stricted ;  if  he  has  certain  hours  for  his  work,  so  has  he  certain 
hours  for  his  breakfast,  dinner  and  supper  also.  This  is  one 
treason  why  carrier's  horses  and  post  horses,  horses  in  a  wotd 
which  have  long  and  severe  work  to  perform,  receive  the  larger 
portion  of  their  aUowance  in  com.  llie  inconveniences  of  bulky 
rations  are  much  less  felt  in  the  cow-house  than  in  the  stable ; 
not  to  speak  of  their  particular  organization,  which  actually 
enables  them  to  take  in  a  much  larger  quantity  of  food  than 
the  horse,  the  steer  and  the  cow  have  always  a  longer  time 
allowed  them  for  their  meals  than  are  regularly  given  to  the 
horse. 

The  experience  of  nearly  a  whole  year  having  satisfied  me 


MAINTENANCE   OF  ANIMALS.  539 

that  a  cart-horse  may  have  half  his  ration  in  nx)t8  or  tubers, 
I  set  out  from  this  fkct  in  the  experiments  which  I  instituted. 

XXPXUIIBNTa  ON  THB   MAIVTBVANCI   Of   HOBitS   WITB   WIXBP   rOOD. 

The  usual  allowance  to  a  horse  at  Bechelbronn  for  the  twenty- 
four  hours  consists  of: 

Hay 22    lbs. 

Stiaw 5^ 

Oats 7\ 

With  this  ration  the  teams  are  kept  in  excellent  condition. 
Two  teams  were  selected  as  subjects  of  experiment,  each  con- 
sisting of  four  horses ;  these  I  shall  distinguish  by  the  titles. 
Team  No.  1 ,  and  Team  No.  2.  Each  remained  under  the  care 
of  the  same  servant  throughout.  Team  No.  1  was  com- 
posed of: 

Braun,  a  mare  7  yeard  old, 

Schimmel,  a  horse    7 
Hans,  do.      16 

Gaty,  do.       8 


99 
99 


Team  No.  2  was  composed  of : 

Old  Fox,  a  mare  16  years  old. 

Braun,         do.  5       », 

Nickel,        do.  14       „ 

Hengst,  a  horse  5       „ 

EXPEBIMBNT  I. 

One  half  the  allowance  of  hay  was  replaced  by  potatoes  lightly 
steamed ;  280  of  the  tubers  being  assumed,  according  to  theory, 
as  equivalent  to  100  of  hay.   The  ration,  thoBefore,  consisted  of: 

Hay  .  .  .  lllbs. 

Straw         •  .  •  5^ 

Oats  .  .  .  7| 


Potatoes     •  .  .  30 ; 


8 


<r 


The  potatoes  were  broken   down   and  mixed  with  chopped 
straw,  and  never  put  into  the  mangers  until  cold. 
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From  accidental  circumstances,  particularly  bad  weather  during 
the  course  of  the  autumnal  labours,  the  teams  were  exposed  to 
very  hard  work,  an  event  which  of  course  throws  uncertautf 
over  the  results  of  this  trial.  After  having  been  upon  the 
course  of  food  indicated  for  a  few  days,  the  teams  were  wet^wd 
once,  and  again  after  an  interval  of  twenty-four  hours : 


Fint  weighing 
Second  weighing 

In  24  hours 


loss 


63.8 


4-J61 
4334 

127 


191.4 


23-9 


The  loss  experienced  here  authorized  me  to  conclude,  that 
the  allowance  under  the  circumstances  was  not  sufficient.  The 
30.8  lbs.  of  steamed  potatoes  could  not  have  adequately  replaced 
the  i  I  lbs.  of  hay ;  it  would  have  been  highly  interesting  to 
have  ascertained  how  horses  kept  on  the  standard  and  usual 
allowance  would  have  stood  the  same  amount  of  fatigue.  Un- 
fortunately this  comparison  could  not  be  made,  all  the  horses 
in  the  stable  having  been  put  on  the  potato  regimen  at  the  same 
time.  There  is  this  much  to  be  said  for  the  particular  course 
tried,  however,  that  the  animals  did  their  work  with  great  spuit, 
and  continued  in  excellent  health. 


EXPERIMENT  II. 
iNTBonrcnoN  of  jbrdsalbm  potatoes  into  thi  ration. 
Jerusalem  potatoes  are  held  excellent  food  for  the  horse ' 
they  are  eaten  greedily,  and  he  thrives  on  them.  In  this  second 
experiment,  30,5^^  lbs.  of  Jerusalems  cut  into  slices  were  substi- 
tuted for  1 1  lbs.  of  hay,  the  same  theoretical  equivalents  being 
assumed  for  them  as  for  the  common  potato.  The  ration  now 
consisted  of: 


Hay 

Straw 

Oata 

Jerusalem  potatoes 


5^ 
30.8 


Having  been  accustomed  to  this  regimen  for  some  days,  the 
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teams  were  weighed,  and  having  gone  on  for  1 1  days,  they  were 
weighed  again : 

Team  No.  1.  No.  2.  Both  ttams.     Meuif  per  hon* 

First  weighing         .  4556  3245  8901  1112.7 

Second  weighing      .  4611  3412  8923  1113.6 


In  11  days  gain        55      loss     33    gain      22      gain     0.9 

A  result  which  leads  to  the  conclusion  that  the  equivalent  as- 
sumed for  the  Jerusalem  potato  was  correct ;  the  animals  had 
done  their  work,  and  gained,  one  with  another,  Mhs  of  a  pound 
in  weight. 

EXPERIMENT  III. 

RATION   OF    BAT    AND    POTATOES. 

Eleven  pounds  of  hay,  in  the  usual  allowance,  were  replaced 
by  30.8  lbs.  of  potatoes ;  the  whole  of  the  oats  and  straw,  by 
15.4  lbs  of  hay.  These  substitutions  were  made  upon  the  sup- 
position that  100  of  hay  was  equivalent  to  280  of  potatoes, 
to  50  of  oats,  and  to  520  of  straw.  The  ration,  then,  was 
composed  as  follows  : 

Hay  •  .  26.6  lbs. 

Potatoes      .  .  30.8 

This  was  a  ration  which  it  was  [the  more  interesting  to  try, 
from  the  circumstance  of  Professor  Liebig*  having  come  to  the 
conclusion,  from  certain  theoretical  views,  that  it  must  be  im- 
possible to  keep  horses  in  health  and  strength  upon  hay  and 
potatoes  exclusively.  The  experiment  was  continued  for  a  fort- 
night : 

Team  of  No.  I.       No.  2.  The  two  teami.  MMnirg1it.p.1iorM 

First  weighing  .         4620  4312  8932  1116.5 

Second  weighing     .        4675  4697  9372  1171.5 

In  14  days  gain       .  55  385  440  55.0 

In  one  fortnight,  consequently,  the  weight  of  eight  horses  had 
increased  by  an  aggregate  sum  of  440  lbs.,  or  55  lbs.  per  head, 

*  Agricultural  chemistry. 
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te  incorease  at  the  rate  of,  as  nearly  as  possible,  3.9  say  4  lbs. 
per  diem ;  and  allowing  the  greatest  latitude  for  error,  it  seems 
that  we  cannot  estimate  the  increase  per  head  at  less  than  1.76, 
say  1  f  lbs.  per  diem.  The  condition  of  the  horses  was  xnort 
satisfactory ;  the  dejections  were  healthy  in  appearance  ;  the  onfy 
inconvenience  observed  was,  the  considerable  bulk  of  tlie  allow* 
ance,  and  the  additional  time  which  had  to  be  given  the  teams 
to  their  meals.  This  inconvenience  was  particidarly  obyicnis  in 
the  case  of  the  older  horses.  Besides  the  two  experimental 
lots,  other  twelve  horses  were  put  upon  the  same  regimen,  and 
with  the  same  good  effects.  The  equivalents  adopted  in  the 
composition  of  the  ration,  in  this  third  experiment,  may  there- 
fore be  regarded  with  perfect  confidence  as  suitable.  Experience 
indeed  would  rather  lead  us  to  conclude  that  the  nutritive  power 
of  the  potato  had  been  estimated  at  somewhat  too  low  $t  rata 

EXPERIMENT  IV. 

BUBSTITtJTION   OF   OATI   AND   STRAW    FOB   A   PORTION    OF   THS    BAT. 

The  ration  here  consisted  of: 

Hay  •  •  11    lbs. 

Straw         .  .  •  11 

Oats  .  •  .  12.1 

The  horses  having  been  two  days  on  this  diet  were  wm^iftL 
The  «periment  was  continued  for  eleven  days : 

Team  No.  1.  No.  2.  Both  teunf.        ATemge  ptr  I 

IHrst  weighing      .        4084.8  4348.3  8933.1  1116.7 

Second  weighing  .         4593.6  4352.7  8946.3  1118»9 


Inlldayigmin    .  8.8  4.4  13.2  1.5 

Under  this  regimen,  consequently,  the  weight  of  the  teams 
remained  very  nearly  the  same  as  it  was  before  beginning  the 
experiment ;  still  there  was  something  gained. 

In  conducting  this  experimenti  we  had  an  opportunity  of  ob- 
servmg  how  impcnrtant  it  is  to  habituate  the  animals  to  thdr 
new  regimen  before  weighing  for  the  first  time.  Had  this  pre- 
caution been  neglected|  the  result  would  have  come  out  agidnst 
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the  ration,  for  the  animals  were  found  when  first  entered  on  it, 
to  weigh  together  as  many  as  9372  lbs.,  and  two  days  aftor- 
wards  no  more  than  8933  lbs.,  which  would  have  indicated  a 
loss  of  449 lbs.;  the  difference  being  due,  however,  in  great 
parl^  or  entirely,  to  the  less  bulky  or  weighty  food  emjdoyedt 

EXPERIMENT  V. 

P0TAT0B8  8UB8TITUTBD  FOB  A  POBTION  OP  THB  HAT. 

The  ration  made  use  of  in  the  first  experiment  looks  so  well 
in  reference  to  economy  of  hay,  and  indeed  answered  so  well 
under  the  peculiar  drcumstances  in  wluch  it  was  tried,  that  I 
thought  it  would  be  advisable  to  try  it  again  when  the  horses 
were  doing  ordinary  work.    The  Iration  consisted  of ; 


Hay 

• 

11    lbs. 

Straw 

• 

5JS 

Oats        .            • 

• 

7.23 

Steamed  potatoes 

• 

30.8 

The  first  weighing  took  place  after  the  horses  had  been  over 
a  week  on  the  ration,  and  the  experiment  was  continued  for  63 
days.  In  team  No.  1 ,  Braun,  from  indisposition,  had  been 
replaced  by  Rapp,  a  horse  nine  years  old,  and  weighing 
11571bs«: 

Team  No.  1.  No.  2.  Both  temi.       Av«r.  wght.  p.  hcnfe 

First  weighing         .        4425  4362  S848  1106.1 

Second  weighing      .        4501  4428  8929  1116.2 

In  63  days  gain       .  76  66  81  10.1 

In  the  course  of  two  months,  consequently,  on  a  ration  in 
which  1 1  lbs.  of  hay  were  replaced  by  30.8  lbs  of  dressed  po- 
tatoes, the  weight  of  the  horses  may  be  said  to  have  been 
more  than  maintained.  This  experiment  seems  to  show  satis- 
factorily that  the  equivalent  of  the  potato  cannot  be  far  from 
the  number  280. 

EXPERIMENT  VI. 

JBRUSALBM    POTATO    FOB   A   PORTION   OP  THB    HAT. 

The  horses  were  brought  back  to  the  same  conditions  as  in 
the  second  experiment,  30.8  lbs.  of  Jerusalems  being  substituted 
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for  1  libs,  of  hay.  The  Team  No.  2  was  alone  subjected 
this  experiment,  being  kept  on  it  for  1 6  days,  and  first  w^ 
after  having  had  it  for  some  time : 

first  vcighing.  No.  2.  4395  Iba.  Avenge  weight  per  heme  10 
Second  weighbg.       „  4396.7  „  10 

In  16days      gain       1.7 

This  result  confirms  that  which  was  elicited  by  the  sec 
experiment. 

EXPERIMENT  Til. 

IHT&ODUCTION  or  riBLD-BEST  OB  MlMaBI.-WDBXKL  INTO  THB  K^noi 

Horses  readily  get  accustomed  to  field-beet.      The  roo 
sliced  and  mixed  with  chaff  (cut  straw).     For   11  lbs.   of 
which  I  retrenched,  I  allowed  44  lbs.  of  beet ;  i.  e.,  I  took  '. 
as  the  equivalent  number  of  the  root.     The  ration  consisted 
under : 

Hay  .                   .                   .  11     lbs. 

Straw  .                   .                   .                     5.5 

Oata  ...                  7.2 

Beet  .                 .  44.0 

A  horse,  after  having  been  kept  on  this  diet  for  some  t 
was  weighed ;  and  the  regimen  having  been  continued  for  a  fi 
night,  he  was  weighed  again  : 

First  weighing  .  101 4.0  lbs. 

Second  weighing  1023.0 

In  a  fortnight  gain         9.4 

This  horse  was  all  the  while  doing  rather  hard  but  very 

gular  work ;  for  eight  hours  every  day  he  was  in  the  shafts 

a  grinding  mill.     He  did  not  alter  in  condition ;  the  dejectii 

were  healthy. 

During  the  winter  of  184U42,  op  cows  ate  a  con^den 
proportion  of  our  beet;  and  ns  a  substitute  for  the  33  lbs 
meadow  hay,  which  is  their  usual  allowance,  we  gave  72i  lbs. 
beet.     The  ration  then  stood  thus  : 

H»y  ■  •  .  22    IbB. 

Beet  ,  ,  .  72.6 

Straw  ...  4.4 
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Upon  this  regimen^  the  weight  of  the  inmates  of  one  of  our 
stables  was : 

On  the  29th  January    .  .  24615  lbs. 

On  the  2l8t  April         .  •  26488 

Increase  due  to  births  and  to  growth      •         1873 

It  thus  appears  that,  in  foddering  kine,  the  quantity  of  beet 
allowed  with  advantage  may  be  large ;  but  it  is  also  obvious, 
that  the  nutritive  value  of  the  root  is  not  great.  At  Bechel- 
bronn,  at  all  events,  we  found  it  requisite  to  replace  9  or  1 0  of 
hay  by  40  of  root.  Oiu*  beet,  it  is  true,  contains  but  1 2  per 
cent  of  dry  matter ;  in  other  places,  where  the  proportion  of  dry 
substance  to  the  water  is  larger,  it  is  possible  that  a  smaller 
proportion  would  be  found  to  answer  the  end. 

EXPERIMENT  VIII. 

INTRODUCTION    OF  THB   SWEDISH   TURNIP   INTO   THE   RATION   AND 

REPLACING    A    PORTION    OF   TBE  HAY. 

Swedish  turnip,  combined  with  some  dry  forage,  answers  ex- 
cellently with  the  horse.  Analysis,  indicating  280  as  the  equi- 
valent of  this  article,  two  horses  were  put  upon  the  following 
ration,  in  which  1 1  lbs.  of  the  usual  allowance  of  hav  were  re- 
placed  by  Swedish  turnip  : 

Hay  .                                 .                 11    Ihs 

Straw  .                 •                 .                 5.5 

Oats  ...                 7.2 

Swedes  .                 .                .  30.8 

It  was  obvious  before  the  lapse  of  but  a  few  days,  that  the 
horses  were  falling  off  upon  this  regimen,  that  they  were  not 
fed ;  and  on  weighing  them,  this  plainly  appeared : 

First  weighing  .         .         .         2283.6  Aver,  of  each  horse  1141.8 

Second  weigliing,  9  days  afterwards  .  2178.0  „  1089.0 

Loss  in  9  days  .         .         .  105.6  52.8 

The  equivalent  for  the  Swedish  turnip  adopted,  had  therefore 
been  too  high ;  the  allowance  was  not  sufficient.  This  led  me 
to  analyse  the  article  again  ;  and  I  discovered  that  the  true  equi- 
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valent  of  the  sample  with  which  I  was  operating»  was  at  leasi 
and  not  280  as  I  had  presumed  before.     Indeed,  in  anoth 
periment  with  the  same  pair  of  horses  where  the  equiva] 
I  Swedish  turnip  was  assumed  at  400,  I  found  that  thouj 

;  animals  kept  up  their  weight  at  the  point  to  which  it  had 

'  they  gained  nothing ;  whence  it  may  be  safely  inferred  th 

No.  400  was  still  too  low,  and  that  the  new  equivalent  fi 
nearer  the  truth. 

EXPERIMENT    IX. 

INTBODUCTION  OF  CABB0T8  INTO  THB  BATIGK. 

Horses  are  extremely  fond  of  carrots ;  and  there  is  nc 
perhaps,  the  nutritious  qualities  of  which  have  been  more  vs 
or  exaggerated.  Yet,  analysis  appears  to  indicate  that  3 
carrot  are  required  to  replace  1 00  of  good  meadow  hay. 
one  occasion,  in  the  stable  at  Bechelbronn,  when  the  pota 
one  of  our  rations  was  replaced  by  an  equal  weight  g^  ei 
the  effect  was  highly  disadvantageous ;  and  even  in  fo]l< 
the  theoretical  equivalent  of  the  carrot  (350)  we  had  still  m 
son  to  be  perfectly  satisfied.  I  now  believe,  in  fact,  th 
many  as  400  of  carrots  may  be  found  requisite  to  replace 
of  good  meadow  hay. 

The  carrot  crop  of  1841  having  been  a  failure,  I  had  to 
myself  to  observations  made  on  a  single  horse,  which  wa2 
upon  a  ration  in  which  1  libs,  of  hay  were  replaced  by  38. 
of  carrots.     The  horse,  habituated  to  this  diet. 

Weighed  .  .  .  1025.2  lbs 

A  fortnight  after  .  .  1014.2 

Loss  in  a  fortnight  .  •  .  11.0 

Nevertheless  he  remained  in  good  condition,  so  that  the 
valent  350  is  probably  not  far  from  the  truth.  I  ought  U 
however,  that  the  men  think  this  number  too  low ;  an  c^ 
in  which  they  would  be  borne  out,  could  we  but  be  certauo 
the  loss  of  weight  of  the  horse  just  indicated  was  not 
dental. 
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EXPERIMENT   X. 
BOILED   BTB   A8   A   BUBSTITtTTB   FOR   OATS. 

It  has  been  stated,  that  rye  bo3ed  till  the  grain  bursts  may 
be  used  as  a  substitute  for  an  equal  bulk  of  oats  in  the  keep  of 
a  horse.  The  experiment  which  I  made  on  the  point  is  very 
far  from  bearing  out  anything  of  the  kind.  By  preliminary 
trials  I  had  ascertained  that  rye  of  good  quality  swells  to  twice 
its  former  bulk  by  boiling. 

The  two  horses  that  were  made  the  subjects  of  experiment 
now,  had  been  kept  for  some  time  on  a  ration  formed  of: 

Hay  .  2.2  lbs. 

Oats  •  5.5         =  8.8  pints. 

For  the  oats,  the  same  quantity  by  measure,  8.8  pints  of 
boiled  rye  were  substituted,  containing  4.4  pints  of  raw  grain, 
weighing  4.15  lbs.  On  the  1 1th  day  it  was  deemed  prudent  to 
interrupt  the  experiment,  of  which  the  following  are  the 
results: 

First  weighing :  Both  horses     .     2010  lbs.     Average  of  each     .     1004  5 
Second      „  „  .     1927  „  963.0 


Loss  mil  days  .  83  41.5 

In  fact,  with  such  a  ration  as  this,  in  which  water  was  made 
to  replace  solid  com,  no  other  result  could  reasonably  be  ex- 
pected. In  continuing  it,  the  health  of  the  horses  would  very 
certainly  have  soon  been  seriously  compromised.  There  is  no 
objection  to  rj'e  in  itself  as  an  element  in  the  food  of  a  horse ; 
but  then  it  must  be  substituted  in  the  quantity  indicated  by  the 
table  of  equivalents,  by  adoptmg  which,  Mr.  ThiSly  foimd  that  be 
could  keep  the  post  horses  of  Paris  in  good  heart,  at  a  time 
when  the  difference  between  the  price  of  oats  and  rye  made  it 
advantageous  to  substitute  the  latter  for  the  former.  The  ex«« 
periments  of  Mr.  Dailly  on  the  subject  were  so  decisive  and  so 
ably  conducted,  that  I  felt  myself  relieved  fix)m  the  necessity  of 
inquiring  farther  into  it  myself 

From  these  experiments,  the  particulars  of  which  have  now 
been  given,  it  may  be  concluded  that  the  nutritive  equivalents  of 
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the  potato,  beet,  Jerusalem  potato,  and  carrot,  as  they  come  out 
upon  analysis,  or  as  they  are  inferred  from  the  amount  of  azote 
they  contain,  may  be  adopted  without  detriment  to  the  health  of 
horses.  If  they  err  at  all,  it  is  that  they  assign  equivalents 
somewhat  too  high,  which  is  the  same  as  saying  that  their  actual 
nutritive  power  is  rather  less  than  these  numbers  give  it ;  so 
that  a  portion  of  the  hay  of  the  standard  ration  being  substituted 
for  its  equivalent  of  tuber  or  root,  the  diet  will  be  improved. 

Thus,  100  of  good  meadow  hay  may  be  taken,  as  ascertained 
by  experiment,  to  be  equivalent  to  : 

280  potatoes — by  analysis,  equal  to  .  315 

280  Jerusalems      .  .  •  .  311 


400  Beet   . 

400  Swede  (too  little) 

400  Carrot 


548 
676 
382 


In  the  following  table  of  nutritive  equivalents,  to  the  numbers 
assigned  by  the  theory,  I  have  added  those  of  the  whole  which  I 
find  in  the  entire  series  of  observations  that  have  come  to  my 
knowledge.  I  have  also  given  the  standard  quantity  of  water, 
and  the  quantity  of  azote,  contained  in  each  species  of  food. 
When  the  theoretical  equivalents  do  not  differ  too  widely  from 
those  supplied  by  direct  observation,  I  believe  that  they  ought  to 
be  preferred.  The  details  of  my  experiments,  and  the  precau- 
tions needful  in  entering  on  and  carrying  them  through,  must 
have  satisfied  every  one  of  the  difficulties  attending  their  con- 
duct ;  yet  all  allow  how  little  these  have  been  attentively  con- 
templated, and  what  slender  measures  of  precaution  against 
error  have  been  taken.  Our  equivalent  for  field-beet  is  400,  a 
number  come  to  by  introducing  44  lbs.  of  the  root  into  the  ra- 
tion, in  lieu  of  1 1  lbs.  of  hay  ;  had  we  introduced  56  lbs.,  the 
equivalent  number  would  have  come  out  500  ;  and  it  is  ques- 
tionable whether  the  final  result  would  have  been  effected  by  this 
substitution.  In  my  opinion,  direct  observation  or  experiment 
is  indispensable,  but  mainly,  solely  as  a  means  of  checking  within 
rather  wide  limits  the  results  of  chemical  analysis. 
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To  complete  the  preceding  ample  table,  I  shall  still  add  the 
equivalents  of  a  few  articles  of  forage  that  have  not  yet  been 
examined  chemically. 

100  of  meadow  hay  are  replaced  by: 

From  85  to  90  of  sainfoin  hay,  according  to  Petri  and  Meyer. 

By  90  of  spurry  hay  „  Petri. 

325  to  500  of  green  spurry  ,,  Pabst  and  Flottow. 

42  to  50  of  chesnuts  ,,  Block  and  Petri. 

By  50  of  Indian  chesnuts  „  Petri. 

62  of  turnsole  seeds  „  Petri. 

109  of  rye  bran  „  Block. 

In  the  list  of  substances  there  are  some  which  are  used  al- 
most exclusively  for  the  food  of  man,  and  I  have  thought  it 
not  uninteresting  to  contrast  these  different  articles  with  refe- 
rence particularly  to  the  quantity  of  azote  they  contain.  I  have 
composed  the  following  table  or  list  of  equivalents  on  this  basis ; 
having  assumed  wheaten  flour  as  the  standard  and  called  it  100. 
As  all  herbs,  roots,  leaves,  &c.,  may  be  pulverized  after  drying, 
I  have  spoken  of  these  articles  dry  under  the  name  of  meal. 

Wheat  flour  (good  quality)     •         .        •        •  100 

Wheat          .......  107 

Barley-meal 119 

Barley »         •  130 

Rye Ill 

Buck-wheat 108 

Maize 138 

Yellow  peas 67 

Horse-beans           ......  44 

White  French  beans       .         .         .        •         •  56 

Rice     •....,..  171 

Lentils 57 

White-heart  cabbage 810 

Cabbage  meal 83 

Potatos 613 

Potato  meal 126 

Carrots 757 

Carrot  meal 95 

Turnips 1335 

Mealy  bananas  (Ficus  Indica)          .         .         •  700 

Manihot  (casava  plant) 700 

Name  ?  (discorea  sativa) 300 

Apio  ?  (ari'acacha) 1050 

N  N 
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Judging  from  the  equivalents,  leguminous  vegetables  must  be 
possessed  of  a  much  higher  nutritive  value  than  wheat ;  and  it 
is  known,  indeed,  that  haricots,  peas  and  beans,  form  in  some 
sort  substitutes  for  animal  food.  The  diflference  indicated  is  so 
great,  however,  that  it  may  surprise  those  who  have  nevar 
thought  of  the  subject  that  engages  us.  In  a  general  ymy  we 
are  all  perhaps  disposed  to  regard  the  articles  that  enter  habi- 
tually into  our  food  as  highly  nutritious.  The  fact,  however,  is, 
that  tubers,  roots,  and  even  the  seeds  of  the  cereal  grasses  are 
but  very  moderately  nutritious.  If  we  see  herbivorous  animals 
getting  fat  upon  such  things  it  is  only  because  their  organization 
enables  them  to  consume  them  in  large  quantities.  I  doubt 
very  much  whether  a  man  doing  hard  work  could  support  him- 
self on  bread  exclusively.  I  am  aware  that  countries  are  quoted 
where  the  potato  and  where  rice  form  the  sole  articles  of  food 
of  the  inhabitants  ;  but  I  believe  also  that  these  instances  are 
incomplete.  In  Alsace,  for  example,  the  peasantry  always  asso- 
ciate their  potato  diet  with  a  large  quantity  of  sour  or  curdled 
milk,  in  Ireland  with  buttermilk.  The  Indians  of  the  Upper 
Andes  do  not  by  any  means  live  on  potatoes  alone,  as  some  tra- 
vellers have  said  they  do  ;  at  Quito  the  daily  food  of  the  inha- 
bitants is  lorcOy  a  compound  of  potatoes  and  a  large  quantity  of 
cheese.  Rice  is  often  cited  as  one  of  the  most  nourishing 
articles  of  diet ;  I  am  satisfied,  however,  after  having  lived  long 
in  countries  where  rice  is  largely  consumed,  that  it  is  any- 
thing but  a  substantial,  or,  for  its  bulk,  nutritious  article  of 
sustenance.  This  is  an  important  question,  inasmuch  as  in 
some  departments  of  the  public  service  rice  is  sometimes  served 
out  as  a  substitute  for  other  articles  of  diet.  In  the  French 
navy,  for  example,  60  grammes,  or  about  20  dwts.  of  rice  may 
be  substituted  for  60  dwts,  of  split  peas  or  haricots ;  but  I 
cannot  hold  such  a  substitution  to  be  either  fair  or  reasonable. 
At  a  period  when  I  had  myself  the  charge  of  the  rations  for  a 
detachment  of  men,  I  found  that  the  experience  of  the  countiy 
where  I  was  assigned,  31bs.  of  rice  as  the  equivalent  of  1  lb.  of 
haricot  beans ;  and  analysis  confirms  this  practical  conclusion. 

Haricots,  in  fact,  contain  about  0.046  of  azote ;  rice  no  more 
than  0.014.     And  if  the  nutritious  properties  be  really  in  pro- 
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portion  to  the  amount  of  azote,  it  is  obvious  that  3|-  of  rice 
will  be  required  in  lieu  of  1  of  the  leguminous  seed. 

We  hear  it  constantly  repeated  that  rice  is  the  sole  nutriment 
of  the  nations  of  the  whole  of  India.  But  the  fact  would  ap- 
pear not  to  be  precisely  so ;  and  I  may  here  quote  M.  Lequerri, 
who  during  a  long  residence  in  India  paid  particular  attention 
to  the  manners  and  customs  of  the  inhabitants  of  Pondicherri. 
"  The  food,"  says  M.  L.,  "  is  almost  entirely  vegetable,  and  rice 
is  the  staple ;  the  inferior  castes  only  ever  eat  meat.  But  all 
eat  kari,  an  article  prepared  with  meat,  fish,  or  vegetables,  which 
is  mixed  with  the  rice  boiled  in  very  little  water.  It  is  requisite 
to  have  seen  the  Indians  at  their  meals  to  have  any  idea  of  the 
enormous  quantity  of  rice  they  will  put  into  their  stomachs. 
No  European  could  cram  so  much  at  a  time ;  and  they  very 
commonly  allow  that  rice  alone  will  not  nourish  them.  They 
very  generally  still  eat  a  quantity  of  bread."* 

$  II.    OF  THE  INORGANIC   CONSTITUENTS   OF   FOOD. 

We  discover  in  the  bodies  of  animals  the  several  mineral 
substances,  the  existence  of  which  we  have  ascertained  in  vege- 
tables. The  bones,  as  we  have  seen,  contain  a  large  quantity  of 
phosphate  of  lime ;  it  is  requisite  therefore  that  the  elements 
of  this  salt,  phosphoric  acid  and  lime,  should  form  part  of  the 
ration  or  diet  roll ;  this  is  a  point  upon  which  all  physiologists 
are  agreed  ;  but  the  point  upon  which  there  is  nothing  like  uni- 
formity yet  attained  has  reference  to  the  precise  quantity  of 
mineral  matter  which  must  enter  into  the  constitution  of  the 
food.  The  analyses  of  ashes  which  I  have  given  show  that  if 
vegetable  aliments  all  contain  nearly  the  same  inorganic  prin- 
ciples, they  still  contain  them  in  very  different  proportions ;  thus 
potatoes,  wheat,  oats,  and  beans,  contain  much  less  lime  than 
clover,  straw  and  peas.  The  phosphoric  and  sulphuric  acids 
and  the  alkalies  do  not  vary  less ;  so  that  we  are  led  to  ask 
whether  a  ration  compounded  of  such  and  such  an  article  or  of 
such  and  such  articles,  will  furnish  the  animals  to  which  it  is 

*  The  Irish  peasantry  who  live  so  much  on  potatoes  have  buttermilk 
^('ith  them  at  least,  often  salt  herring ;  and  a  labouring  man,  it  is  said, 
will  consume  12  or  Hlbs  per  diem! — ^Eno.  £o. 

NN  2 
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supplied  with  the  necessary  dose  of  inorganic  principles,  which 
must  be  assimilated  daily,  and  which  is  quite  indispensable  to 
maintain  them  in  health  and  vigour. 

It  is  easy  to  arrive  at  a  knowledge  of  the  mineral  prindples 
which  are  necessary  as  elements  of  the  diet,  by  ascertaining 
their  quantity  in  the  ration,  which  long  experience  has  shown 
to  be  sufficient.  Yet  as  there  is  reason  to  believe  that  in  many 
cases  mineral  substances  are  present  in  excess,  I  have  thought  that 
it  might  be  useful  to  determine  by  means  of  analysis  the  nature 
and  the  proportion  of  the  inorganic  elements  which  are  actually 
assimilated  by  an  individual,  in  order  to  have  a  minimum  which 
might  serve  as  a  basis  for  any  reasonings  or  inferences  on  the 
subject.  My  experiments  were  performed  in  two  opposite  cir- 
cumstances in  which  I  regard  assimilation  as  most  rapid  and 
most  complete :  videlicit,  a  calf  in  full  growth,  and  a  milch  cow 
in  calf. 

The  calf  was  six  months  old,  and  weighed  3691bs.  Some 
days  before  being  made  the  subject  of  experiment  it  was  fed 
with  hay.  During  the  two  days  when  it  had  this  fodder  ad 
libitum,  it  ate  I91bs. 

In  the  course  of  the  1st.  day  the  calf  passed  21.49  lbs.  of  excrements. 

2nd.  day  „  20.39  „ 

41.88 

Wlilch,  dried,  was  reduced  to  7.4 1  lbs. 

In  the  course  of  the  two  days  5.5841bs.  of  urine  were  col- 
lected, which  evaporated,  yielded  2933.2  grains  of  extract,  the 
animal  having  in  the  same  interval  drunk  45.7  pints  of  water. 

Analysis  discovered  in  100  : 

Of  the  hay       .         .         .        Azote  1.6  Ashes  7.6 

Of  the  dry  excrements      .  .,2.1  „     12.7 

Of  the  urinous  extract      .  „      4.0  „     40.0 

Now  if  we  inquire  from  these  data  in  regard  to  the  quan- 
tity of  azote  and  of  mineral  matters  which  were  assumed  with 
the  food  in  the  course  of  two  days  we  have : 
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half'drachmi.  half-drachmi. 

In  the  food,  discarding  fractions.  Azote  69     Mineral  substances  328 
In  the  excrements  „  „    50.5  „  214 

In  the  urine  ,,  „     3.8  „  38 


or  the  bay. 

Of  the  excrements. 

Of  tbe  nrine. 

9.0 

2.0 

17.3 

5.3 

5.1 

0.2 

2.4 

2.3 

7.0 

2.3 

1.9 

9.9 

20.4 

16.0 

0.9 

6.0 

6.5 

6.0 

17.3 

12.5 

57.3 

1,5 

1.0 

•» 

33.7 

51.0 

1.2 

2.1 

1.7 

t* 

Together        54.3  252 

Therefore,  azote  fixed  or  exhaled  in  2  days  14.7  half-drachms. 
Mineral  substances  fixed  in  2  days       •  76  „ 

The  composition  of  the  ashes  obtained  from  the  hay  and  from 
the  excrements,  show  us  approximatively  both  the  quantity  and 
the  nature  of  the  several  inorganic  substances  which  had  been 
assimilated.     The  composition  of  these  ashes  is  as  follows : 

r  Carbonic   • 
Acids    <  Phosphoric 

[,  Sulphuric  . 
Chlorine 

lime  •        « 

Magnesia 
Potash  and  soda 
Oxide  of  iron,  alumina 
Silesia 
Xioss       •        •         • 

100.0  100.0  lOO.O 

If  the  hay  consumed  contained  328  half-drachms  of  ash  or 
mineral  matter,  the  excrements  and  urine  252  half-drachms  of 
the  same  matters ;  the  diflTerence  between  the  two  sums,  76  half- 
drachms,*  is  the  quantity  of  mineral  matter  fixed  in  the  course 
of  two  days,  of  which  200.6  grains  were  phosphoric  acid,  and 
494.0  grains  were  lime.  This  quantity  of  lime,  however,  is 
more  than  four  times  as  much  as  is  necessary  to  constitute  a 
subphosphate  of  lime  such  as  exists  in  the  bones.  It  is  true  in- 
deed that  there  is  always  a  quantity  of  carbonate  of  lime  associ- 
ated with  the  subphosphate  in  bones ;  10  of  carbonate  for  38  of 
phosphate,  according  to  Fourcroy  and  Vauquelin,  in  those  of 
the  ox.  Still  the  quantity  of  lime  assimilated  was  vastly  more 
than  it  ought  to  have  been  had  it  only  gone  to  assist  in  the 
formation  of  bone.  If  there  was  no  error  in  the  observations, 
it  is  probable  that  the  base  in  question  enters  into  the  constitu- 
tion of  the  salts  with  organic  acids  which  are  encountered  in  all 
parts  of  the  animal  body. 

*  The  exact^uantity  is  2392.8  grains  troy. — Eng.  Ed, 
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By  a  series  of  weighings,  I  ascertained  that  my  calf,  fed 
simply  upon  hay,  increased  every  day  by  a  quantity  equal  to 
9725.9  grains  troy,  in  which  were  included  858.35  grams  of 
mineral  substances,  the  calcareous  phosphate  and  carbonate  of 
the  bones  in  this  quantity  being  represented  by  262.4  grains,  or 
nearly  3  per  cent  of  the  entire  weight  acquired  in  the  course 
of  twenty-four  hours. 

In  the  experiment  with  the  milch-cow  in  calf,  I  limited  my 
inquiries  to  the  phosphoric  acid  and  the  lime  taken  in  and  given 
out.  The  animal,  four  years  old,  was  2  J  months  gone  with  calf, 
and  weighed  1452.6  lbs.  She  had  the  same  allowance  during  the 
experiment  as  she  had  had  for  several  days  before,  and  which 
for  twenty-four  hours  consisted  of : 


Hay 

.     16.5  lbs. 

Cut  wheat-straw 

.       9.9 

j)6Cb                   .                •                • 

.     59.4 

The  experiment  was  continued  for  four  days,  during  which 
the  excrements,  the  urine,  and  the  milk  were  carefully  collected 
and  weighed,  and  the  ashes  both  of  the  food  consumed  and  of 
the  products  rendered,  were  determined  by  chemical  analysis. 
Suffice  it  to  say,  that  representing  the  quantity  of  mineral  mat« 
ters  assumed  into  the  body  in  the  coiu*se  of  the  experiment  by 
849.9  half-drachms,  the  quantity  voided  amounted  to  no  more 
than  556  half-drachms.  In  the  quantity  assumed  there  were 
100.2  half-drachms  of  phosphoric  acid  and  203.8  half-drachms  of 
lime;  in  the  quantity  voided  there  were  but  68.2  half-drachms  of 
phosphoric  acid,  and  116.8  half-drachms  of  Ume;  this  is  at  the 
rate  of  about  8  half-drachms  of  phosphoric  acid,  and  22  half- 
drachnos  of  lime  assimilated  in  the  course  of  twenty-four  hours. 
Here,  as  in  the  case  of  the  calf,  the  quantity  of  lime  assimilated 
is  greatly  superior  to  what  it  ought  to  be,  in  order,  by  combining 
with  the  phosphoric  acid,  to  constitute  the  phosphate  of  lime  of 
the  bones. 

From  these  inquiries  into  the  nutrition  of  a  calf  and  of  a  cow 
in  calf,  it  follows  that  there  is  a  portion  of  the  mineral  sub- 
stance taken  in  with  the  food  which  remains  definitively  fixed  to 
concur  in  the  growth  or  in  the  evolution  of  the  individual*     In 
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an  adult  animal  it  is  to  be  presumed  that  no  such  definitive 
fixation  of  inorganic  principles  takes  place,  or  that  it  is  much 
less  considerable ;  that  in  the  dejections  and  several  secretions 
ought  to  be  found  the  whole  of  the  phosphoric  acid,  of  the 
lime,  &c.,  taken  in  with  the  food.  And  this  presumption  is 
confirmed  by  experience ;  for  on  instituting  an  inquiry  into  the 
matter  upon  a  horse,  it  was  found  that  the  mineral  matters 
assumed  were  almost  exactly  balanced  by  those  discharged. 
Nevertheless,  and  granting  this  to  be  quite  true,  which  it  is, 
it  would  be  a  grave  mistake  to  suppose  that  an  adult  animal 
could  go  on  for  even  a  very  short  period  of  time  upon  food 
that  contained  no  mineral  matter.  Precisely  as  in  the  case  of 
organic  matter,  it  appears  that  a  portion  of  inorganic  matter  is 
also  fixed  in  the  living  fi*ame,  where  for  a  time  it  forms  an 
integral  element  in  the  wonderful  structure ;  and  a  supply  of  the 
latter  kind  is  undoubtedly  no  less  necessary  than  is  the  supply 
of  the  former  description  recognized  by  all  the  world.  Were 
there  an  inadequate  quantity  of  phosphoric  acid,  of  lime,  &c.  in 
the  food,  no  question  but  that  the  body  would  speedily  feel  the 
effects  of  the  deficiency,  and  that  disease  and  death  would  by 
and  bye  put  an  end  to  life.  So  much,  indeed,  seems  demon- 
strated by  the  very  interesting  experiments  of  M.  Chossat,  in 
which  he  kept  granivorous  animals  upon  a  diet  rich  in  azotised 
principles  and  in  starch,  but  deficient  in  lime.  From  some 
previous  inquiries,  M.  Chossat  had  observed  that  pigeons  even 
require  to  add  a  certain  proportion  of  lime  to  their  ordinary 
food,  the  quantity  naturally  contained  in  which  does  not  suffice 
them.  Wheat,  as  we  have  seen,  though  it  contains  a  large 
proportion  of  phosphate  of  magnesia,  contains  very  little  phos- 
phate of  lime ;  and  pigeons  put  on  this  grain,  though  they  do 
perfectly  well  at  first,  and  even  get  fat,  begin  by  and  bye  to  fntt 
off.  In  fi*om  two  to  three  months,  the  birds  appeared  to  suffer 
from  constant  thirst ;  they  drank  frequently,  the  foeces  became 
soft  and  liquid,  and  the  flesh  wasted,  and  in  fix)m  eight  to  ten 
months  the  creatures  died  under  thg  effects  of  a  diarrhsea, 
which  M.  Chossat  attributed  to  deficiency  of  the  calcareous 
element  in  the  food.  And  it  is  neither  uninteresting  nor  unim- 
portant to  observe  that  the  same  thing  occasionally  occurs  in 
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the  human  subject  during  the  period  when  the  process  of  ossifi- 
cation is  usually  most  active.  But  one  of  the  most  remarkaUe 
features  of  M.  Chossat's  experiments  was  observed  in  the  state 
of  the  bones  of  the  pigeons ;  they  became  so  thin  and  weak  that 
they  broke  during  the  life  of  the  birds  with  the  slightest  force,* 
The  conclusion  from  this  fact  is  obvious.  Supplies  of  all  the 
elements  of  all  the  parts  of  the  body  are  indispensable  to  Hie 
maintenance  of  health,  to  the  continuance  of  Ufe. 

A  pigeon  will  eat  about  463.140  grains  of  wheat  per  diem, 
containing  9.725  grains  of  ash,  in  which  analysis  discover 
4.569  grains  of  phosphoric  acid  and  0.277  of  a  grain  of  lime. 
But  this  small  quantity  of  lime  is  incompetent  to  maintain  tbe 
bones  in  their  standard  condition.  I  have  thought  it  of  mo- 
ment to  insist  upon  these  iacts,  because  I  see  that  they  may 
sometimes  come  into  play  in  practical  rural  economy.  No 
breeder  or  feeder  ought  to  be  ignorant  of  the  influence  of  mineral 
substances  on  nutrition.  It  is  not  only  indispensable  that  tbe 
allowance  of  an  animal  in  full  growth  be  sufficient  to  support 
and  even  to  add  to  the  soft  textures,  it  must  further  contain 
the  elements  requisite  for  the  nutrition  of  the  osseous  system ; 
and  it  is  not  impossible  hut  that  in  managing  the  feeding  of 
young  cattle  or  young  horses  in  such  a  way  as  to  reduce  to  a 
minimum  or  to  give  in  excess  certain  of  the  inorganic  elements 
of  the  food,  we  may  succeed  in  impressing  one  character  or 
another  upon  a  race.  It  is  even  possible  that  the  empirical 
rules  which  are  acted  upon  with  a  view  to  increase  or  diminish 
the  quantity  of  bone,  the  weight  of  flesh  or  of  fat,  &c  are  all 
connected  with  various  proportions  of  phosphoric  acid,  of  lime, 
magnesia,  &c.,  in  the  food.  It  will  probably  be  discovered  some 
day  that  Bakewell's  art  is  to  be  explained  through  the  compo- 
sition  of  the  ashes  of  the  food. 

Wheat  is  not  the  only  alimentary  matter  that  contains  an  in- 
sufficient quantity  of  lime ;  mwze  or  Indian  corn  contains  sttQ 
less ;  and  if  that  which  is  grown  in  the  tropics  contains  as  little 
as  that  which  is  produced  in  Europe,  it  woidd  he  difficult  to  ex- 
plain how  the  grain  should  answer  so  well  as  it  unquestioo^y 

*  Cbossat,  in  Comptes  Reodos,  t.  zit,  p.  451. 
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does  for  food.*  It  is  true  that  it  is  seldom  or  never  consumed 
alone  and  without  addition ;  and  in  South  America  where  the 
animals  have  it  largely,  I  have  observed  that  they  frequently  cat 
earth.  The  habit  which  certain  tribes  of  the  natives  have  of 
eating  earth,  too,  which  has  been  particularly  remarked  upon  by 
travellers  and  missionaries  as  an  instance  of  depravation  of  taste^ 
presents  itself  to  me  in  quite  another  light  since  I  became  ac- 
quainted with  the  composition  of  the  ashes  of  the  ordinary 
article  of  diet  in  the  countries  where  it  occurs.f 

The  calcareous  and  other  salts  necessary  to  nutrition,  how- 
ever, are  not  derived  from  the  food  exclusively  ;  the  water  that 
is  generally  consumed  contains  a  quantity  which  is  by  no  meanst 
to  be  neglected.  A  horse  or  a  cow,  for  instance,  which  drinks 
from  13  to  45  quarts  of  water  per  diem,  will  even,  if  the  water 
be  as  pure  as  that  of  the  Artesian  well  of  Crenelle,  take  in  fi^m 
35  to  108  grains  of  saline  matter  in  which  carbonate  of  lime 
predominates ;  water  that  is  less  free  from  saline  impregnation 
would  of  course  introduce  a  much  larger  proportion;  some 
waters  in  the  quantities  above  specified  will  contain  from  138 
to  upwards  of  400  grains  of  saline  matter  one  half  of  which 
may  be  carbonate  of  lime.  And  I  am  here  speaking  of  dear 
or  filtered  water ;  that  which  is  muddy  or  turbid  contains  a  still 
larger  quantity  of  earthy  matter  in  suspension  than  in  solution. 
In  an  experiment  made  for  the  purpose  of  getting  at  the  amount 
of  earthy  matter  taken  by  a  milch-cow  from  the  .watering-trough 
in  the  course  of  the  day,  I  found  that  it  amounted  to  about 
770  grains  troy. 

Notwithstanding  these  facts  it  is  still  doubtful  whether  the 
lime  contained  in  ordinary  well  water  would  prove  sufficient  to 
supply  a  growing  animal  with  the  material  requisite  to  the  for- 
mation of  its  bones ;  in  adults,  indeed,  changes  in  the  elements 
of  the  bones  appear  to  proceed  so  slowly  that  a  very  small 
quantity  of  calcareous  matter  probably  suffices  to  repair  losses ; 
but  it  is  otherwise  with  young  and  growing  animals.     I  have 

*  An  ash  of  maize,  analysed  in  my  laboratory  by  M.  Letellier,  contained 
but  1.3  per  cent,  of  lime  to  50.1  of  phosphoric  acid  and  17.0  of  magnesia. 

t  I  several  times  saw  children  chastised  in  Indian  villages  who  had  been 
caught  elating  earth. 
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shown  that  a  calf  six  months  old  receives  with  its  forage  a 
quantity  of  phosphoric  acid  which  corresponds  to  555.7  grains 
of  phosphate  of  lime.  A  calf  a  few  weeks  old,  when  it  has 
17  or  18  pints  of  milk  per  diem  receives  802.7  grains  of  mi- 
neral substances,  into  which  sub-phosphate  of  lime  or  boDfi 
earth  enters  in  the  proportion  of  370.5  grains.  It  would  be 
interesting  to  ascertain  what  quantities  of  these  substances  were 
assimilated  by  so  young  an  animal,  and  at  a  period  when  the 
growth  is  so  rapid  that  the  increase  from  day  to  day  sometimes 
exceeds  2  pounds. 

The  importance  of  the  inorganic  principles  of  the  food  onoe 
recognised,  it  concerns  us  to  take  note  of  their  natiire  and 
quantity  in  the  ration  we  allow  to  our  domestic  animals.  It  is 
in  fact  this  consideration  which  has  led  me  to  determine  the 
quantities  of  phosphoric  acid  and  lime  contained  in  the  various 
articles  of  food  the  ashes  of  which  have  been  analysed,  ^th 
these  data  the  proportion  of  bone  earth  contained  in  a  given 
ration  is  forthwith  perceived. 

One  thousand  parts  of  the  forage  gathered  at  Bechdbronn  in 
its  ordinary  state  contained : 


FOEAOB. 

Mineral 
subBtances. 

Azote. 

Pbofphorfc 
acid. 

Lime. 

Bone 
eeHh. 

Hay  .... 

62.33 

11.50 

3.37 

10.04 

6.96 

Potatoes    . 

9.64 

3.70 

1.09 

0.17 

0.33 

Beet 

7.70 

2.10 

0.46 

0.54 

0.95 

Turnip       . 

5.70 

1.30 

0.35 

0.62 

0.72 

Jerusalem  potato 

12.47 

3.75 

1.35 

0.29 

0.56 

Wheat       . 

20.61 

20.50 

9.64 

0.60 

1.16 

Maize        .        .        . 

11.00 

16.40 

5.51 

0.14 

0.27 

Oats 

31.74 

17.87 

4.73 

1.17 

2.27 

Wheat-straw     . 

51.90 

3.00 

1.61 

4.41 

3.32 

Oat-8traw 

35.70 

3.00 

1.07 

2.97 

2.21 

Clover-hay 

73.50 

21.00 

4.63 

18  08 

9.85 

Peas 

30.00 

38.40 

9.03 

3.03 

5.83 

Haricots    • 

35.00 

45.80 

9.38 

2.03 

5.94 

Beans 

30.00 

51.10 

10.26 

1.53 

9.27 

We  seem  here  to  observe  a  certain  relation  between  the  pro- 
portion of  azote  and  that  of  the  phosphoric  add  contained  in 
the  food ;  the  most  highly  azotised  are  also  those  that  generally 
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contain  the  largest  quantity  of  the  acid,  a  circumstance  which 
seems  to  indicate  that  in  the  vegetable  kingdom  the  phosphates 
are  connected  more  especially  with  the  azotised  principles,  and 
that  they  accompany  them  in  passing  into  the  textures  of  ani* 
mals.  With  the  assistance  of  the  above  table  it  is  easy  to 
ascertain  the  quantity  of  phosphate  of  lime  which  enters  into  a 
given  ration.  Let  us  take  that  given  to  the  horses  in  experi- 
ment 3rd,  in  which  the  half  of  the  hay  was  replaced  by  potatoes, 
one  of  the  articles  that  contains  the  smallest  proportion  of  lime, 
and  we  find  in  the 

26.61bs.  of  hay     632.9  grs.  phosphoric  acid  and  1867.9  grs.  of  lime. 
30.81bs.  potatoes  387.7  ,.  37.0 

1020.6  1904.9 

numbers  which  correspond  with  1798.5  grains  of  bone  earth, 
and  978.7  grains  of  uncombined  lime. 

In  his  usual  allowance  a  work  horse  at  Bechelbronn  receives  : 

Hay     22lbs.  containing  524.8  grs.  phosph.  acid,  and  1543.8  grs.  of  lime. 
Straw  5.5  „  60.7  „ 

Oats   7.2  „  230.2 


81.57 


In  other  words  1735  grains  of  bone  earth,  and  864  grains 
of  free  lime. 

I  have  foimd  that  very  young  foals,  growing  rapidly  and 
weighing  about  374  lbs.,  consume  per  diem : 

Hay    •  19.8  lbs.  containing  of  phosph,  acid  463  grs. ;  lime  1389  grs. 
Oats  .     7.2  .,  „  231         „  58.6 

which  represent  95  of  bone  earth  or  subphosphate  of  lime.  As  a 
consequence  of  the  relation  which  appears  to  exist  between  the 
azote  and  phosphoric  acid  of  an  article  of  sustenance,  it  comes 
to  pass  that  like  nutritive  equivalents  also  indicate  like  propor- 
tions of  phosphoric  add,  so  that  by  introducing  a  suitable  quan- 
tity of  hay  or  clover,  articles  that  abound  in  lime,  into  the 
ration,  we  are  always  certain  of  having  food  favourable  to  the 
development  of  the  osseous  system,  whatever  the  nature  and 
quality  of  the  other  artides  that  enter  into  the  constitution  of 
the  allowance. 
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The  relation  of  the  phosphoric  acid  to  the  azote  approaches 
the  ratio  of  3  to  10,  in  the  more  ordinary  articles  of  forage; 
but  the  same  relation  is  no  longer  apparent  in  the  cereals  and 
leguminose  vegetables ;  in  grain  and  in  peas,  beans,  &c.,  the  phos- 
phoric acid  amounts  to  about  a  fourth  of  the  azote  contained. 
Thus  we  have : 


Hay      .         .         •         . 
Potatoes 

Theoretical 
equivalent. 

100 
320 

Fhotphorlc  acid  in 
the  equivalent* 

0.34 
0.35 

Beet     .         .         .         . 

548 

0.28 

Turnip 
Jerusalems    . 

885 
273 

0.31 
0.37 

Dry  clover    . 

75 

0.34 

Wheat  straw 

.     235 

0.37 

Oat  straw     • 

.     380 

0.40 

Oats     .         •         .         . 

68 

0.32 

Maize  . 

.       70 

0.38 

Wheat 

.       43 

0.41 

Peas     . 

.       25 

0.23 

Haricots        •         • 

.       27 

0.25 

Beans  . 

.       23 

0.24 

§  III.     OF   THE     FATTY     C0N8TITDKNT3    OF    FORAGE  ;     COySIDERATIOKS    OK 

FATTENING. 

When  fat  was  observed  accumukting  in  the  tissues  of  the 
animal  body,  and  it  was  unknown  that  the  presence  of  fatty 
matters  in  plants  is  what  may  be  termed  a  general  fact,  men 
naturally  conceived  that  the  fat  was  produced  from  the  food  in 
the  act  of  digestion,  that  it  was  composed  in  the  animal  body 
much  in  the  same  way  as  it  is  formed  in  the  seed  and  leaf  of 
the  living  vegetable. 

The  inquiries  which  I  am  about  to  present,  however,  all  tend 
to  make  us  conclude  that  fatty  substances  are  only  produced  in 
vegetables,  and  that  they  pass  ready  formed  into  the  bodies  of 
animals,  where  they  may  either  undergo  combustion  immediately, 
so  as  to  evolve  the  heat  which  the  animal  requires,  or  be  stor^ 
up  in  the  tissues  in  order  to  serve  as  a  magazine  of  combustible 
matter. 

This  latter  view  appears  the  most  simple ;  but  before  discuss- 
ing the  experiments  which  bear  it  out,  it  seems  necessary  to  pas8 
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in  brief  review  the  notions  that  have  been  entertained  at  different 
times  on  the  formation  of  fat.  When  the  great  burying-place 
of  the  Innocents  was  emptied,  for  example,  it  was  commonly 
imagined  that  one  of  the  effects  of  the  putrefactive  process  was 
to  convert  the  flesh,  the  brain,  the  viscera,  &c.,  into  fat — adipocerCi 
as  it  was  called ;  it  was  not,  indeed,  till  after  the  researches  of 
Mr.  Chevreid  had  been  undertaken,  and  that  it  was  discovered 
adipocere  contained  the  same  acids  as  human  fat,  which  had 
in  fact  only  been  partially  saponified  by  ammonia ;  until  the 
inquiries  of  Mr.  Gay-Lussac  were  made  public,  that  it  was  ac- 
knowledged that  muscular  flesh  or  flbrine  subjected  to  putrefac- 
tion leaves  no  larger  a  quantity  of  fat  than  can  be  obtained  from 
it  by  proper  solvents  before  it  has  undergone  any  change :  the 
effect  of  putrefaction  is  to  destroy  the  fibrine,  and  so  to  expose 
the  fatty  substance  which  it  contained. 

It  may  therefore  be  said,  that  all  these  fortuitous  opinions 
upon  the  supposed  formation  of  fat  by  chemical  processes,  have 
vanished  as  they  have  been  successively  subjected  to  careful 
examination. 

Let  us  now  turn  to  the  inferences  come  to  by  physiology. 
The  bodies  of  carnivorous  animals  are  often  loaded  with  fat ; 
and  none  can  be  detected  in  any  of  their  excretions.  It  is 
therefore  in  these  animals  that  it  must  be  most  easy  to  ascertain 
the  source  or  origin,  and  mode  of  disappearance  of  fatty 
matter. 

When  the  progress  of  digestion  is  watched  in  a  dog,  it  is  soon 
discovered  that  the  chyle  is  far  from  being  a  fluid  having  uniformly 
the  same  characters  and  qualities.  That  which  is  produced  under 
the  influence  of  a  vegetable  diet,  abounding  in  the  starchy  prin- 
ciple and  in  sugar,  or  after  a  meal  of  perfectly  lean  meat,  is 
always  and  alike  poor  in  molecules  or  globules.  The  chyle  is 
then  nearly  transparent,  extremely  serous,  and  yields  very  little  fot 
when  washed  with  ether.  But  if  the  animal  have  a  meal  of 
fat  food,  the  chyle  that  results  from  it  is  opaque  like  cream,  very 
rich  in  particles,  and,  digested  with  ether,  yields  a  large  quantity 
of  fatty  or  oily  matter  to  that  solvent. 

These  facts,  observed  by  M.  Magendie,  and  confirmed  with 
more  ample  details  by  Messrs*  Sandras  and  Bouchardat,  show 
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that  the  fatty  principles  of  our  food  minutely  subdivided  or  made 
into  an  emulsion  by  the  act  of  digestion,  pass  without  imder- 
going  any  essential  change  into  the  chyle,  and  from  that  into 
the  blood,  whither  they  can  in  fact  be  followed,  and  in  which 
they  can  be  shown  to  remain  for  a  longer  or  a  shorter  time  un- 
altered, at  the  disposal  of  the  economy,  as  it  were.  Such  ob- 
servations have  naturally  led  physiologists  to  conclude  that  the 
fatty  principles  of  the  food  were  the  principal,  if  not  the  only 
sources  whence  animals  derive  the  fat  which  is  met  with  stored 
up  in  their  tissues,  or  which  appears  in  the  butter  of  their 
milk.  And  this  view,  so  long  as  the  carnivorous  tribes  alone 
are  considered,  has  not  a  single  featiu'e  which  makes  it  objec- 
tionable. But  when  we  would  extend  it  to  the  herbivorous 
tribes,  two  difficulties  meet  us  on  the  threshold  of  the  in- 
quiry, 

1st.  Do  vegetables  actually  contain  such  a  quantity  of  fatty 
matter  in  their  structure  as  will  explain  the  fattening  of  cattfe 
and  the  formation  of  milk  ? 

2nd.  Is  it  not  more  simple  to  suppose  fat  and  butter  the 
product  of  certain  transformations  undergone  by  starch  and 
sugar  in  the  animal  economy  ? 

It  appears  at  first  sight  most  opposite  to  nature  to  suppose 
that  the  feeding  ox  finds  the  whole  of  the  fat  he  lays  on  ready 
formed  in  the  food  he  eats ;  it  is  only,  in  fact,  after  having  made 
repeated  analyses  of  plants,  and  discovered  fatty  matters  almost 
everywhere,  and  in  quantities  generally  superior  to  any  that  had 
been  suspected  in  the  composition  of  plants,  that  the  idea  begins 
to  acquire  likelihood ;  finally,  the  chemist  becomes  convinced  that 
it  is  so  when  he  finds  a  regular  association  of  neutral  azotised 
substances  and  fatty  principles  in  all  the  articles  usually  em- 
ployed as  food  for  cattle, — ^in  the  grasses  and  cereals,  in  the  leaves 
and  stems  and  seeds  of  plants. 

Fatty  substances  appear  to  be  principally  formed  in  the  leaves, 
where  they  frequently  show  themselves  under  the  form,  and  with 
the  properties  of  wax.  Taken  into  the  bodies  of  animals,  mingled 
with  the  blood,  and  exposed  to  the  influence  of  the  oxygen  of  the 
inspired  air,  they  will  undergo  an  incipient  oxidation,  whence 
wiU  result  the  stearic  or  oleic  add  that  is  found  as  a  constituent 
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of  8uet.  By  undergoing  a  second  elaboration  in  the  bodies  of 
the  carnivora,  the  same  fatty  substances,  oxidated  anew,  would 
produce  the  margaric  acid  which  characterises  their  fat.  These 
divers  principles,  by  a  still  further  degree  of  oxidation,  would 
give  rise  to  the  fat  volatile  acids  which  make  their  appearance  in 
the  blood  and  in  the  perspiration.  Finally,  did  they  suffer  com- 
plete oxidation,  i.  e,  combustion,  they  would  be  changed  into 
carbonic  acid  and  water,  and  be  in  this  shape  eliminated  from  the 
economy. 

Among  the  various  properties  possessed  by  fatty  substances, 
there  is  one  which  may  play  an  important  part  in  the  phenomena 
of  fattening;  this  is  the  solvent  power  which  they  severally 
possess  in  regard  to  one  another ;  the  property  of  mixing  in  all 
imaginable  proportions,  still  preserving  the  general  features  which 
severally  distinguish  them.  In  the  stomach,  in  the  intestines, 
in  the  chyle  and  in  the  blood,  fatty  substances  of  various  kinds 
may  form  homogeneous  matters  by  their  intimate  admixtiu'e, 
and  become  divided  into  globules  of  complex  composition,  but 
everywhere  the  same. 

Another  property  of  fatty  matters  of  every  kind,  which  de- 
serves particular  attention,  is  that  of  insolubility  in  water.  We 
find,  in  fact,  that  when  an  animal  eats  a  soluble  substance,  that 
in  general  it  is  consumed  by  a  true  process  of  combustion,  which 
converts  its  carbon  into  carbonic  acid,  and  its  hydrogen  into  water; 
or  otherwise,  it  is  simply  eliminated  without  change  in  the  urine. 

Fatty  matters  may,  indeed,  disappear  under  the  first  form ; 
but  so  long  as  they  escape  remarkable  modification,  it  is  certain 
that  they  do  not  pass  off  by  the  urine,  and  that  the  quantity 
eliminated  by  the  perspiration  is  insignificant.  Their  insolu^ 
bility,  therefore,  retains  them  in  the  economy  once  they  have  en- 
tered the  blood  or  the  tissues ;  and  it  is  in  virtue  of  this  quality 
that  they  constitute  a  kind  of  magazine  of  combustible  matter 
in  the  animal  body.  This  is  the  principal  reason  wherefore  in- 
dividuals supplied  with  food  in  excess  get  fat,  and  that  those 
insuf&ciently  fed  fall  lean ;  the  fatty  matter  being  deposited  in 
the  interstices  of  the  tissues  in  the  former  case,  being  taken  up 
from  them  and  burned  in  the  second. 

This  explanation  is  attractively  simple;  but  in  our  attach«> 
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mcDt  to  it  we  must  not  forget  that  other  explanations  hav( 
been  given  ;  and  in  particular  it  must  be  contrasted  with  a 
which  has  been  formed  upon  certain  inquiries  undertaken  \ 
Dumas,  It  is  known,  for  instance,  that  sugar  may  be  reg 
as  a  compound  of  carbonic  acid,  water  and  oleflant  gas. 
there  is  nothing  to  prevent  olefiant  gfts,  by  becoming  defc 
and  taking  different  states  of  condensation,  to  give  ri 
bodies  wliich  by  undergoing  oxidation  would  produce  fat 
and  consequently  fats.  Since  it  lias  buen  known  that  the  < 
potato  spirit  is  also  met  with  in  the  spirit  obtained  froa 
refuse  of  the  grape,  and  in  the  spirit  procured  from  malt, 
from  the  molasses  of  beetroot  sugar,  the  assurance  that  tl 
is  a  product  of  the  fermentation  of  sugar  appears  to  be 
plete. 

We  ought  even  to  be  prepared  to  admit  a  phenoment 
the  same  kind  as  taking  place  in  plants  when  we  see  the  i 
of  their  stems  disappearing  in  the  same  ratio  as  their  see 
fruits  become  charged  with  oleaginous  matter :  all  the  | 
elaborate  sugar  before  producing  oil. 

It  is  upon  chemical  views  of  this  kind  that  the  second  op 
as  to  the  source  of  fat  in  animals  has  been  formed,  and  * 
may  be  said  to  stand  in  direct  contrast  with  that  which  ass 
this  substance  as  pre-existing  in  the  food,  whicli  regards 
produced  in  the  blood  itself,  under  the  influences  of  the 
intimate  forces  of  animal  life.  For  my  own  part,  I  adopt  the 
which  supposes  an  animal  to  be  supplied  with  fat  already  for 
mainly  because  it  presents  itself  to  me  as  more  in  harmony 
the  faots  which  I  observe  in  our  stables.  StiU  I  do  not 
that  it  may  be  possible  for  a  certain  quantity  of  fat  to  be  e 
rated  in  the  bodies  of  herbivorous  animals,  under  the  inBi 
of  a  special  fermentation  of  the  sugar  which  forms  an  dei 
in  their  food ;  although  I  feel  satisfied,  from  practical  facts, 
sugar  plays  no  essential  part  in  the  fattening  of  cattle. 

The  formation  theory,  nevertheless,  is  not  without  data  of  a 
curious  and  Important  kind,  which  requii-e  notice.  Huber 
found  that  bees  fed  upon  honey,  and  even  upon  sugar,  did  not 
the  power  of  producing  wax  for  a  long  period.  And  Messrs.  i 
Edwards  and  Dumas  have  lately  confirmed  the  occasional  i 
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racy  at  least  of  this  conclusion.  Their  first  experiments  were 
unfavourable  to  the  conclusions  of  the  celebrated  bee-master  of 
Geneva.  A  swarm  fed  with  lump-sugar  yielded  very  insignifi- 
cant quantities  of  wax ;  three  other  swarms,  placed  in  glazed 
hives,  and  fed  on  honey  and  water  failed  to  produce  any  wax  ; 
but  a  fourth  swarm  gave  a  totally  different  result. 

The  procedure  by  analysis  was  now  instituted.  The  absolute 
quantity  of  wax  contained  in  the  body  of  a  bee,  or  in  the  bodies 
of  a  certain  number  of  bees,  was  first  ascertained ;  second,  the 
quantity  of  wax  in  the  combs  constructed  by  the  labourers  was 
determined ;  third,  the  quantity  of  wax  contained  in  the  honey 
consumed  was  discovered.  The  final  result  of  the  inquiry  was, 
that  a  swarm  of  2005  labourers,  after  having  in  the  course  of 
a  month  consumed  12889.43  grs.  of  honey,  had  produced 
2407  grs.  of  wax.* 

Granting  the  accuracy  of  this  conclusion,  admitting  that  the 
bee  fed  upon  honey  has  the  power  of  producing  wax,  I  might  still 
ask  whether  it  was  therefore  legitimate  to  conclude  that  the  ox 
was  endowed  with  any  faculty  of  the  same  kind  ?  Still  to  the  inte- 
resting physiological  fact  above  quoted,  may  be  associated  the 
remarkable  fact  of  the  conversion  of  sugar  into  butyric  acid, 
observed  by  Messrs.  Pelouze  and  Gelis,  a  conversion  effected  by 
mixing  a  small  quantity  of  caseum  with  a  solution  of  sugar,. 
and  adding  a  sufficiency  of  chalk  to  neutralize  acid  as  it  was 
formed.  This  mixture,  placed  in  a  temperature  of  fi^om  7  7®  to 
86^  F.,  by  and  by  passes  through  a  series  of  changes,  the  last 
term  of  which  is  the  butyric  fermentation. 

This  butyric  acid  is  a  volatile,  colourless,  and  very  limpid 
fluid,  having  an  odour  that  brings  to  mind  at  once  that  of 
vinegar  and  rancid  butter.  Although  it  has  a  resemblance  to 
the  acids  which  prevail  in  different  kinds  of  fat,  it  nevertheless, 
by  uniting  with  glycerine,  constitutes  a  fatty  body,  butyrine, 
which  forms  about  one  hundreth  part  in  the  constitution  of 
butter,  and  must  therefore  be  received  as  one  of  the  elements 
of  the  fats ;  and  the  observations  of  Arthur  Young  would  even 
incline  us  to  presume  that  butyric  acid  exerts  a  favourable  in- 
fluence in  the  fattening  of  animals.     Comparative  experiments 

*  Vide  Comptes  rendus  de  rAcad^mie  des  Sciences,  t.  xvii,  p«  131. 
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satisfied  Young  that  hogs  fattened  more  quickly  on  food  t^ 
had  become  sour,  than  on  the  same  food  before  it  had  turned. 
Now  it  is  very  probable  that  there  was  production  of  butyric 
acid  in  the  course  of  the  fermentation. 

The  question  in  reference  to  the  formation  of  fat  is  of  much 
more  limited  interest  to  the  farmer  than  to  the  physiologist.  The 
agriculturist,  in  fact,  cares  little  whether  a  couple  of  pounds  of 
honey  consumed  by  a  hive  of  bees  will  give  origin  to  some 
lOdwts.  or  so  of  wax;  the  matter  that  concerns  him  is,  as  to 
the  degree  in  which  the  roots  or  tubers  that  he  grows  are  fatten* 
ing ;  and  whether  or  not  he  can  advantageously  substitute  a 
cheaper  for  a  more  costly  article  in  his  piggery  or  stalls  ?  And 
here,  as  in  so  many  other  places,  practice  got  the  start  of  theory ; 
and  I  own,  with  perfect  humility,  that  I  think  its  conclusions  are 
in  general  greatly  to  be  preferred;  the  universal  custom  of 
giving  oil-cake  and  oleaginous  seeds  to  oiu*  milch  kine  and  fitting 
oxen  and  sheep,  appears  to  me  to  supply  an  argument  of  much 
greater  force  than  any  that  can  be  obtained  from  chemical  re- 
searches pursued  in  the  laboratory. 

Such  articles  as  the  potato  and  the  banana,  which  answer 
admirably  for  the  keep  of  hogs  afler  they  are  weaned,  are  not 
adequate  to  fiEitten  them  for  the  butcher ;  they  contain  but  very 
small  quantities  of  fatty  matter,  and  though  the  animals  will 
grow  rapidly  upon  them,  and  even  attain  to  and  maintain  a  cer- 
tain condition,  all  that  is  required  can  only  be  secured  by  adding 
some  other  article  to  the  ration  that  is  richer  in  oleaginous  or 
fatty  principles.  At  Bechelbronn,  whatever  others  have  said  on 
the  subject,  we  find  that  our  hogs  will  not  fatten  on  potatoes 
alone ;  so  that  I  agree  with  Schwertz  when  he  says,  that  whilst 
hogs  will  get  into  good  flesh  upon  potatoes,  and  even  seem  to 
fatten  for  a  time,  they  soon  cease  from  improving,  and  only 
begin  to  advance  again  when  they  receive  in  addition  an  allow* 
ance  of  barley  or  of  split  peas  or  beans. 

A  young  pig  will  consume  about  13  lbs.  of  potatoes  per 
diem,  into  which,  as  analysis  of  the  ashes  informs  us,  then 
enters  but  about  I7.2grs.  of  lime.  But  this  quantity  is  pro? 
bably  too  small  to  meet  the  demand  for  hone  earth  in  a  young 
animal  in  full  growth,  and  hence  the  great  advantage  of  the 


Dry  lucera 

.     3.5 

Meadow  hay 

.     3.8 

African  wheat  straw    . 

.     3.2 

Ditto  Alsace 

.     2.2 

Ditto  near  Paris 

.     2.4 
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whey  or  small  quantity  of  skiqa  milk  which  is  so  commonly  addQ4 
to  the  potato  ration.  It  ought  to  he  laid  down  as  a  general 
rule,  that  young  creatures,  as  well  as  adults,  plight  to  have  a 
ration  which  contains  the  earthy  elements  of  the  bony  system, 
the  azotised  elements  of  the  flesh,  and  the  f^tty  flatter  pf  the 
fat.  From  a  series  of  experiments  which  I  midj&rtook,  ip  con- 
cert with  Messrs.  Dumas  and  Payen,  it  appears  that  all  the 
articles  acknowledged  the  most  powerful  as  fatteners,  ^re  those 
also  that  contain  the  largest  proportions  of  fatty  principles.  The 
following  substances  contain  the  numerical  quantities  of  matter 
soluble  in  ether  in  1 00  parts  : 

Common  maize  .  .  .8.8 
Beaked  Lombardy  maize  .  7.8 
Large  white  Parisian  maize     8.1 

Rice 0.8 

Oats  .         .         .         .5.5 

Ditto  .         .         .         .3.3  Oat  straw .         .         .         .5.1 

Rye 1.8  Bean  meal.        .        .        .2.1 

Rye  flour  .         .         .         .3.5  Beans        .         .         .         .2.0 

Hard  Venezuela  wheat        .     2.6  Haricots     .         •         .         .3.0 

Hard  African  wheat    •         .     2.1  Peas 2.0 

Wheat  flour       .         .         .2.1  Lentils       .         •         .         .2.5 

Ditto         .         .         .         .1.4  Potatoes    .         .         .         .     0.08 

Fine  bran  ....     4.8  Mangel-wurzel  .         .         .0.1 

Coarse  bran        .         .         .     5.2  Carrots      ....     0.17 

Dry  clover         .         .         .     4.0  Oil-cake    ....     9.0 

M.  Payen  found  that  oil  was  everywhere  present  in  the  seeds 
of  gramineous  plants.  The  embryo  contains  much,  the  husk 
less,  the  farinaceous  portion  still  less.  But  maize  and  oil-cake 
contain  about  9  per  cent,  whence  the  universally  admitted  supe- 
rior fattening  power  of  these  two  articles. 

If  we  now  discuss  particularly  one  or  more  of  the  rations  or 
allowances  to  oxen  put  up  to  fatten,  or  to  milch  cows,  we  shall 
find  that  they  uniformly  contain  a  larger  quantity  of  fetty  inat- 
ters  than  the  secretions,  excretions,  and  fat  which  have  been 
produced  under  their  influence.  Thus  a  cow,  in  good  condi- 
tion, that  produces  72  pints  of  milk,  containing  3.3  lbs. 
of  butter,  whilst  she  eats  220  lbs.  of  meadow  hay,  will  have 
consumed  more  than  6.6  lbs.  of  matter  soluble  in  ether — fatty 
substances.     The  quantity  of  fat  contained  in  the  food,  over 
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and  above  that  which  is  discovered  in  the  milk,  has  passed  with 
the  excrements,  which  are  never  entirely  free  from  substances 
analogous  to  fatty  matters. 

With  a  view  to  comparing  as  accurately  as  is  possible  in  in- 
quiries of  this  kind,  the  quantity  of  fatty  matter  contained  in 
the  forage  consumed  by  a  cow,  with  that  found  in  the  milk  and 
in  the  excrements,  the  following  experiment  was  made.  A  cow, 
Esmeralda,  No.  6  in  the  stable  at  fiechelbronn,  calved  on  the 
26th  of  September,  and  she  was  put  to  the  bull  again  on  the 
4th  of  November.  Up  to  the  22nd  of  January  (inclusive) 
Esmeralda  received  the  usual  allowance,  viz. : 

Aftermath  hay  .         .         •     1 1  Ihs. 

Oil-cake         .  .         •         .22 

Turnips  .  •         .         .66 

Wheat  chaff  ...     22 

and  the  milk  she  gave  in  the  course  of  the  month  of  Janiuiry, 
amounted  on  the : 


Plnti. 

nntff. 

let  to      .         •         .     12.9 

12th         .         .         .     12.3 

2nd 

.     12.3 

13th 

.       11.4 

drd 

.     12.3 

14th 

.     11.4 

4th 

.     11.4 

15th 

.     12.3 

5th 

.     10.5 

16th 

.     10.5 

6th 

.     12.3 

17th 

.     11.4 

7th 

,     12.3 

18th 

.     10.5 

8th 

.     12.9 

19th 

.     11.4 

9th 

.     12.3 

20th 

.     11.4 

10th 

.     10.5 

21st 

.     11.4 

11th 

11.4 

22nd 

.     11.4 

The  average  quantity  of  milk,  therefore,  per  day,  in  the  course 
of  the  week  that  preceded  the  experiment,  was  10.287  pints. 
From  the  23rd  of  January,  when  the  ration  was  altered  to  : 

Hay 16.5  lbs. 

Chopped  wheat-atraw  .         .9.9 
Beetroot     ....     59.4 

The  quantity  of  milk  yielded  was  : 

Plnti. 

11.4 

10.5 

10.5 


Jaanury. 

23rd 

24th 

25th 

26th 

27th 

28th 

29th 

30th 


10.5 
11.6 
11.4 
11.4 
11.4 
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on  an  average  11.8  pints  per  diem;  a  little  more  than  with 
the  former  allowance. 

The  excrement  passed  by  this  cow  was  analysed  during  four 
days,  from  the  24th  to  the  27th  of  January ;  the  whole  quantity 
being  weighed  moist  every  day,  and  well  mixed,  a  mean  sample 
of  about  6  oz.  in  weight  was  taken  for  analysis.  This  being 
stove-dried,  the  entire  quantity  of  dry  matter  contained  in  the 
moist  excrement  was  readily  ascertained : 

Datei.     Molit  excrement.  Dry  excrement.  If  Uk  in  pinte.         If  Uk  in  ibe. 

Jan.  24  .  40.7  lbs.  6.8  lbs.  10.5  13.5 

25  .  41.8  7.3  10.5  13.5 

26  .  62.1  9.0  10.5  13.5 

27  .  43.4  7.1  10.5  13.5 

188.0  30.2  42^0  54^0 

To  ascertain  the  quantity  of  fatty  or  waxy  substances  con- 
tained in  the  food,  the  several  samples  were  first  treated  with 
hot  water,  then  with  ether,  and  finally  with  a  mixture  of  ether 
and  alcohol  boiling.  The  fetty  element  of  the  butter  was  deter- 
mined by  Peligot's  method. 

Fattv  Matten  in  tbt 
Food  per  cent. 

TT  -,  /  Ifit  Experiment  .  3.6 

"*y     •         •         •         '  1  2nd  Ditto      .  .  3.9 

g._^  /  Ist  Experiment  .  2.4 

^™^  ....  \2nd  Ditto      .  .  2.0 

Fatty  If  alter  in  the 

Excrements  and 

Millc  per  cent. 

Excrcmcnte  (dry)  .        .     (J^d^^"**      .'    H 
Milk    •        •        .        .  •         .         •        •     3.7 

f  Let  us  say,  that  the  proportion  of  fatty  substance  contained 
per  cent  in  the  several  articles  consumed  as  foodi  was  as 
follows : 

Hay 3.7 

Straw  .         •         •         •         •     2.2 

Beet 0.1 

Dry  Excrements  •         .         •         .3.6 
Milk 3.7 

and  we  shall  hfivc  the  results  of  the  experiment  in  this  shape : 
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FOOD  COXflVMKD   IK  roUB  DATS.  BXCRBMBNTS  AND   MILK  IX  WOVK  OATS. 

Fatty  matter.  Fatty  matter. 

Beet   .     237.61b8.     1667.3  grs.        Excrements      30.4  lbs.     7688.1  grs. 
Hay     .       66.0  1776.1  Milk      .     .     54.3  14125.7 

Straw  .       39.6  6113.4 


Fatty  matter  in  excre- 


Fatty  matter  in  food  24956.8  ments  and  milk      •     21813.8 

The  excretions  .     .21813.8 

Fktty  matter  fixed  

or  burned      .     .     3143.0 

The  natural  conclusion  from  this  experiment  appears  to  be 
this ;  that  the  cow  extracts  from  her  food  almost  the  whole  of 
the  fatty  matter  it  contains,  and  that  she  converts  this  matter 
into  butter. 

It  would  perhaps  be  possible  to  make  the  proportion  of  butter 
contained  in  milk  to  vary  within  certain  limits.  It  is  well  known 
that  the  butter  of  cows  in  the  same  district  varies  notably  ac- 
cording to  the  nature  and  abundance  of  the  forage ;  the  butto* 
of  the  same  country-side,  for  example,  has  been  ascer- 
tained to  cbntain  66  of  margarine  to  100  of  oleine  in  summer, 
and  186  of  margarine  to  100  of  oleine  in  winter.  In  the  first 
case,  the  cows  are  grazing  on  the  mountains  (the  Vosges) ;  in 
the  second,  they  are  eating  dry  fodder  in  the  stall.  I  have  be- 
sides had  an  opportunity  to  make  a  direct  experiment  upon  this 
subject,  which  appears  to  tne  quite  conclusive.  Having  substi- 
tuted for  one  half  the  allowance  of  hay  an  equivalent  quantity 
of  rape-cake,  still  very  rich  in  oil,  the  cows  were  kept  in  excel- 
lent condition ;  but  the  butter  was  extremely  soft,  and  had  ths 
taste  of  rape-seed  oil  to  a  degree  that  was  perfectly  intolerable. 

I  do  not  know  a  single  instance  in  any  of  the  systems  fol- 
lowed at  Bechelbronn,  in  which  a  milch-cow  does  not  receive  in 
h^  ration  a  quantity  of  tnatter  analogous  to  fat,  superior  to  that 
which  is  contained  in  the  mflk  she  yields. .  Having  upon  a  cer- 
tain occasion  put  a  cow  exclusively  upon  beet,  I  anticipated  an 
imfavourable  effect  on  her  milk ;  and  in  fact  a  very  sensible  di- 
minution in  all  its  valuable  elements  occurred,  and  the  animal 
began  to  suffer.  By  simply  adding  a  few  pounds  of  straw  which 
had  been  taken  away  the  milk  resumed  its  standard  quality. 
The  two  rations  thus  composed  may  be  contrasted  under  the  two 
points  of  view  of  contedts  in  fat  and  contents  in  organic  matter. 
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In  the  ration  of  beet  and  straw  (beet  119  lbs.  straw  7^  lbs.) 
there  were  140  dwts.  20  grs.  of  fatty  matter;  in  that  composed 
exclusively  of  beet  (132  lbs.)  there  were  but  38  dwts.  14  grs.  of 
fat.  The  ill  effects  of  the  beet-root  ration  could  not  be  ascribed 
to  deficiency  of  inorganic  elements,  for  the  phosphate  of  lime  it 
contained  amounted  to  37  dwts.  7  grs. — amply  sufficient  for  all 
the  purposes  of  the  economy. 

The  information  we  have  from  M.  Damoiseau,  one  of  the 
most  careful  of  the  observers  who  have  investigated  the  subject 
of  the  production  of  milk,  confirms  us  in  our  views  of  the  neces- 
sity of  fatty  matters  in  the  daily  ration  of  the  milch-cow.  The 
following  are  the  elements  of  three  of  the  rations  for  a  cow  in 
M.  Damoiseau's  establishment. 


No.l. 

Beet  or  mangel  wurzel  88  lbs. 
Bran         ...     6.6 


Pollard  . 
Lucem  . 
Oat  straw 
Salt 


5.5 
6.6 
13.2 
0.11 


No.  9. 

Carrots  74  lbs. 
6.6 
5.5 
6.6 
13.2 
0.11 


tf 


>» 


ft 


»> 


99 


No.  8. 

Potatoes  55  lbs. 
6.6 
5.5 
6.6 
13.2 
0.11 


tt 


ft 


ff 


9f 


99 


121.0  107.0 

Quantity  of  milk      Maximum.  Medium, 

yielded     .      .  From  25  to  26  pts.      16  to  18  pts. 


88.0 

Minimum. 
12^  pts. 


Let  us  now  calculate  the  actual  nutritive  value  of  the  dif- 
ferent items  in  the  above  rations ;  or  selecting  one,  let  us  take 
that  with  the  beet  for  particular  consideration  as  among  the 
most  usual. 


6.61bs.  of  bran  and  5.5  lbs.  of 

pollard  at    .         •        •        .5  per  cent. 
6  6  lbs.  lucem        .         .         .3 
13.2  lbs.  oat  straw   .         .        .5 


99 


I* 


:0.60  of  fatty  matter. 

0.33 

0.60 


>> 


99 


1.53 

Whence  it  follows,  that  a  cow  here  received  upwards  of  1^  lbs. 
of  matter  of  a  fatty  nature  with  her  food,  a  quantity  more 
than  sufficient  to  produce  not  only  1 6  or  1 8,  but  the  maximum 
quantity  of  25  or  26  pints  of  milk  very  rich  in  cream.  Did 
the  cow  receive  an  additional  40  lbs.  of  beet-root,  she  would 
find  something  like  12  lbs.  more  of  solid  matter  in  this  article^; 
composed  especially  of  sugar^  which  she  would  bum  to  ke^  up* 
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her  temperature,  and  nearly  25  dwts.  of  oily  matter  which  she 
would  transfer  to  her  milk,  to  say  nothing  of  new  azotised  prin- 
ciples which  would  be  converted  into  caseine. 

If  we  now,  by  an  easy  transition  pass  to  the  phenomena  of 
fattening,  we  still  find  that  the  principles  which  have  been  laid 
down  can  be  most  satisfactorily  applied.  Setting  out  from  the 
numbers  obtained  from  the  experiments  of  Mr.  Riedesd,  which 
in  many  points  agree  with  all  I  have  seen  myself,  we  arrive  at 
the  following  conclusions : 

•  An  ox  weighing  1320  lbs.  avoird.  wiU  keep  up  his  weight 
upon  about  22  lbs.  of  good  hay  per  diem.  Put  up  to  fatten, 
the  same  animal  would  require  about  twice  this  quantity,  say 
44  lbs.,  upon  which  he  would  gain  at  the  rate  of  about  2  lbs. 
per  day. 

Now  if  we  even  take  Mr.  Riedesel's  conclusions  as  a  little  too 
favourable,  as  giving  at  least  the  maximum  nutritive  value  to 
the  hay  and  its  equivalents,  we  may  still  admit  with  him  that 
22  lbs.  of  hay  will  produce  about  1 7  pints  of  milk,  or  about 
2  lbs.  avoirdupois  of  flesh,  containing  0.55  lb.  or  rather  more 
than  ^  lb.  of  fat.  Now  22  lbs.  of  hay  contain  nearly  12oz. 
12  dwts.  of  principles  soluble  in  ether,  i.  e.  of  fatty  or  waxy 
matter. 

The  fatting  ox  consequently  fixes  a  certain  proportion  of 
these  principles  in  the  same  way  as  the  cow.  There  is  only  this 
difference  that  the  cow  returns  with  the  milk  she  yields  a  con- 
siderable quantity  of  the  fat  she  finds  in  her  food.  There  con- 
sequently exists  an  obvious  relation  between  the  formation  of 
milk  and  fattening,  a  position  which  would  gain  support,  did  it 
require  any,  from  a  note  which  I  owe  to  the  politeness  of  M. 
Yvart,  who  in  summing  up  a  long  array  of  facts  concludes  with 
these  words :  "  The  secretion  of  milk  appears  to  alternate  with 
that  of  fat.  When  a  milch-cow  fattens  she  loses  her  milk ;" 
and  the  converse  of  the  proposition  is  no  less  true ;  when  we 
would  fatten  a  cow  we  must  let  her  go  dry. 

The  breeds  of  kine  admitted  to  be  the  best  milkers  remain 
long  lean  after  the  calving.  In  some  of  the  short  homed  Eng- 
lish breeds  the  quantity  of  milk  is  often  very  considerable 
shortly  after  the  calving ;  but  the  animals  are  much  disposed  to 
get  fitty  and  getting  fat,  the  secretion  of  milk  neither  continues 
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SO  long,  nor  is  it  so  plentiful  as  in  some  of  the  other  less  im- 
proved kinds.  English  hogs,  which  become  much  fatter  than 
French  hogs,  appear  not  to  be  such  good  nurses.  Now  if  we  admit 
that  there  is  this  intimate  relation  between  the  formation  of 
milk  and  that  of  fat,  we  are  obviously  very  near  the  ad- 
mission that  articles  of  food  containing  fatty  substances,  indis- 
pensable to  the  production  of  milk,  are  also  indispensable  to  the 
production  of  animal  fat.  And  then  has  it  ever  yet  happened 
that  animals  have  been  fattened  with  food  devoid  of  grease  ?  I 
have  not  for  my  own  part  met  with  a  single  fact  which  counte- 
nances such  a  proposition.  I  have  referred  to  the  distinguished 
agriculturist  who  attempted  to  fatten  pigs  upon  potatoes,  but 
who  only  succeeded  by  adding  a  certain  quantity  of  graves  to 
the  food,  an  article  which,  as  every  one  knows,  contains  a  con- 
siderable proportion  of  fat  in  its  composition. 

M.  Payen  has  in  fine  made  some  experiments  which  appear 
altogether  conclusive,  and  from  which  it  follows  that  two  Hamp- 
shire hogs,  which  having  consumed  66  lbs.  of  gluten  and  upwards 
of  30^  lbs.  of  starch  had  only  gained  17^  lbs. ;  whilst  other  two 
animds  of  the  same  breed  having  been  fed  with  99  lbs.  of  the 
flesh  of  sheep's  heads,  containing  from  1 2  to  15  per  cent,  of 
fat,  had  gained  35  lbs.  Yet  judging  from  elementary  analysis 
these  two  rations  were  almost  identical ;  they  contained  the  same 
quantity  of  dry  nutritious  matter.  The  first  ration  contained 
26.4  lbs.  of  dry  gluten  and  30.4  lbs.  of  starch ;  the  second 
contained  20.9  lbs.  of  dry  flesh  and  15.4  lbs.  of  fat.  The 
quantities  of  carbon  and  azote  were  therefore  a  little  higher  in 
the  vegetable  than  in  the  animal  ration ;  but  they  differed 
notably  in  this,  that  the  latter  contained  an  equivalent  of  fat  for 
the  equivalent  of  starch  contained  in  the  former. 

In  a  second  experiment  four  hogs  fed  upon  boiled  potatoes, 
carrots,  and  a  little  rye,  gained  117.7  lbs.,  whilst  other  four 
animals  of  the  same  age  and  in  the  same  conditions,  but  fed 
upon  sheep's  heads,  gained  as  many  as  226.6  lbs. 

In  the  course  of  these  experiments  M.  Payen  was  struck  with 
this  circumstance,  that  the  increase  in  weight  of  an  animal  that 
is  fattening  being  represented  by  50  per  cent  of  water,  33.3  of 
fat,  and  16.6  of  azotised  matter,  the  conviction  is  forced  upon 
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US  that  he  actually  fixes  the  greater  proportion  of  the  &t  of  his 
food  in  the  cellular  tissue  of  his  body.  The  first  hogs,  for  ex- 
ample, had  eaten  14.74  lbs.  of  fat,  and  had  gained  11.44  lbs. 
in  weight;  the  four  last  referred  to  had  had  18.48  of  grease 
and  had  increased  14.74  lbs.  in  weight. 

It  has  now  been  the  practice  for  several  years  in  various 
places  to  maintain  hogs  in  considerable  numbers  u]K)n  muscular 
flesh,  horse-flesh  ;  and  it  has  been  ascertained  that  the  article,  if 
extremely  lean,  though  it  keeps  the  animals  in  good  heart  and 
condition,  though  they  grow  and  thrive  on  it,  yet  they  will  not 
fatten.  When  they  are  to  be  got  ready  for  the  butdier  thqr 
must  in  addition  be  put  upon  a  course  that  is  known  to  be 
proper  to  fatten  them. 

The  scientific  question  of  fattening  having  of  late  years  at- 
tracted very  general  attention,  the  opinions  which  have  now  beoi 
announced  have  been  very  actively  contested.  Among  other 
arguments  the  general  fi-eedom  from  fat  of  the  bodies  of  carni- 
vorous animals,  and  the  usual  fat  state  of  those  of  the  her- 
bivorous races  has  been  cited.  Whales  have  even  mistakenly 
been  included  in  the  list  of  fat  vegetable  feeders  ;  but  it  is 
known  to  all  naturalists  that  the  great  majority  of  the  whale 
tribes,  the  whole  of  those  that  inhabit  the  northern  seas^  are 
carnivorous.  And  indeed  the  mention  of  this  fact  leads  me  to 
revert  to  one  of  the  most  curious  problems  in  the  physics  of  the 
globe,  that,  to  wit,  presented  by  the  vast  amount  of  animal  life 
amidst  the  waters  of  the  ocean,  and  its  support  by  a  quantity 
of  vegetables  which  to  us  appear  altogether  inadequate  to  such 
an  end.  The  beautiful  researches  of  M.  Morren,  however,  seem 
calculated  to  throw  some  light  on  this  interesting  subject^  that 
inquirer  having  shown  that  certain  animalcules  pdssess  the 
fiiculty  of  decomposing  carbonic  acid  in  the  same  way  as  vege- 
tables; and  it  is  probably  in  virtue  of  this.power  that  the  enigma 
is  to  be  explained  of  the  source  whence  the  myriads  that  pe^  11 
the  deep  derive  their  food.  j| 

But  is  it  absolutely  true  that  herbivorous  animals  only  abound 
in  fat  ?  Who  has  not  seen  fat  dogs  and  cats  ?  and  in  the  Cor- 
dilleras, where  palm-trees  abound,  there  is  a  particular  spedn  of 
bear  which  lives  in  a  great  measure  en  the  oily  palm-nuts  and 
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young  shoots  of  the  pakn  tree,  which  becomes  remarkably  fat 
and  proves  a  great  attraction  to  the  tigers  of  the  country.* 

Before  coming  to  a  dose  with  this  discussion  I  think  it  right 
to  refer  to  the  experiments  of  M.  Magendie,  who  has  so  well 
established  the  fact  that  the  chyle  of  animals  fed  on  &t  food 
contains  a  large  quantity  of  fat ;  and  that  animals  kept  long  on 
such  food  frequently  become  affected  with  what  is  called  the 
fatty  liver.f 

To  sum  up  then,  experiment  demonstrates  that  hay  contains 
a  larger  quantity  of  fatty  matter  than  the  milk  and  excretions 
which  it  forms ;  and  that  it  is  the  same  with  all  the  other  mix- 
tures and  varieties  of  food  that  are  usually  given  to  animals. 

That  oil-cake  increases  the  production  of  butter,  and  that 
like  maize  it  owes  the  £aittening  properties  it  possesses  to  the 
large  quantity  of  oil  it  contains. 

That  there  is  the  most  perfect  analogy  between  the  production 
of  milk  and  the  fattening  of  animals ;  that  potatoes,  beet, 
carrot  and  turnip  only  fatten  when  they  are  conjoined  with  sub- 
stances that  contain  fatty  matters,  such  as  straw,  com,  bran  and 
oil-cake  of  various  kinds. 

That  in  equal  weights  gluten  mixed  with  starch,  and  flesh 
meat  abounding  in  &t,  have  a  fattening  influence  on  the  hog 
which  differs  in  the  relation  of  1  to  2. 

Lastly,  that  fat  food — ^food  which  will  afford  fat  in  the  diges- 
tive canal,  appears  to  be  the  indispensable  condition  of  fattening. 
If  it  be  necessary  that  the  respiration  be  diminished  or  lessened 
in  extent,  this  is  only  that  the  fatty  substances  taken  into  the 
stomach,  and  which  have  made  their  way  into  the  blood,  may 
not  be  oxidated,  may  not  be  burned ;  not  that  their  formation 
may  be  favoured. 

All  these  fa^ts  are  in  such  perfect  harmony  with  the  simple 

*  These  beasts  evidently  cease  to  be  carnivorous  whilst  they  live  on  palm- 
nuts  and  leaves.  For  my  own  part,  I  do  not  think  the  point  settled  yet. 
The  fatty  matter  of  the  generality  of  vegetables  is  wax  rather  than  grease. 
And  then  some  of  the  herbivorous  tribes  seem  never  to  get  fat. — ^Eno.  Ed. 

1 1  may  here  state  the  contrary  fact  as  announced  to  me  by  a  physiological 
friend  in  whose  report  I  place  great  reliance,  that  the  chyle  of  animals  fed 
with  substances  that  give  mere  traces  of  waxy  matter,  contains  &t  or  oil 
that  can  be  collected  in  large  drops, — Evq.  Ed. 

O  O  3 
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view  of  assumption  and  assimilation  of  fatty  matters  that  it  is 
difficult  to  conceive  on  what  foundation  the  opinion  can  repose 
which  would  have  them  composed  out  of  their  elements  in  the 
animal  body.  Nevertheless,  I  am  myself  the  first  to  admit  that 
more  extensive  experience  may  lead  to  the  modification  or  eveo 
entire  change  of  the  opinion  which  I  advocate.  The  facts  on 
which  that  opinion  is  based,  despite  their  number,  are  not  pro- 
bably yet  sufficient  to  constitute  a  perfectly  satisfiu^tory  ot  oon- 
dusive  theory.  New  researches  are  therefore  indispensable ;  it 
would  be  requisite  to  show  that  a  cow  kept  on  a  regimen  abun- 
dant in  point  of  quantity,  but  as  poor  as  possible  in  matters 
analogous  to  fat,  will  continue  to  maintain  her  condition  and 
yet  yield  milk  aboimding  in  cream  ;  and  that  it  is  really  possible 
as  some  persons  afiirm,  to  fatten  animals  rapidly  on  roots  and 
tubers  alone. 

*  Whoever  would  try  experiments  in  this  direction  must  be  careful  to 
mix  his  food;  one  article  alone  never  agrees.  The  Americans  say  a  pig 
will  die  upon  pimipkins  and  upon  apples  alone;  but  he  will  live  and  fiatteQ 
on  a  mixture  of  the  two.  I  have  myself  seen  scores  of  oxen  fattened 
upon  turnips  with  a  moderate  allowance  of  straw  or  bog  hay ;  and  have 
seen  pigs  get  into  admirable  condition  for  the  butcher  on  little  more  than 
potatoes.— Eno.  Ed. 
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CHAPTER  IX. 

OP  THE  ECONOMY  OP  THE  ANIMALS  ATTACHED  TO  A  PARM. 
OP  STOCK  IN  GENERAL,  AND  ITS  RELATIONS  WITH  THE 
PRODUCTION   OP   MANURE. 

Agricultural  industry  generally  extends  to  the  breeding 
and  fatting  of  cattle ;  the  breeding  or  at  all  events  the  mainte- 
nance of  horses ;  the  breeding  and  feeding  of  sheep  and  swine. 
The  circumstances  indeed  in  which  the  tiller  of  the  ground  sees 
himself  spared  the  necessity  of  attending  to  these  matters  are 
rare  exceptions  to  the  general  rule,  and  in  fact  only  occur  where 
it  is  easy  to  obtain  abundant  supplies  of  manure  from  without, 
or  in  those  few  favoured  spots  where  the  fertility  of  the  soil  is 
such  that  it  continues  to  vield  its  increase  without  addition  in 
the  shape  of  manure.  In  the  vicinity  of  great  centres  of  popu- 
lation where  dung  can  be  bought  cheap,  or  of  guano  islands, 
where  a  cargo  costs  a  trifle,  and  in  some  tropical  countries,  large 
farming  establishments  may  be  found  totally  without  stock  in 
the  shape  of  sheep  and  homed  cattle.  But  in  a  general  way 
the  agriculturist  is  obliged  to  give  himself  up  to  the  care  of 
flocks  and  herds  of  one  description  or  another ;  and  in  fact  we 
now  know  that  there  is  a  certain  and  very  indispensable  relation 
to  be  maintained  between  the  extent  of  surface  under  crop  and 
the  number  of  cattle  to  be  provided  for,  variable  as  regards 
farms  differently  situated  and  circumstanced;  but  invariable 
when  circumstances  are  the  same,  and  the  system  of  manage- 
ment pursued  is  similar  in  its  principal  features. 

The  question  as  to  whether  the  cultivation  of  grain  or  other 
useful  plants,  or  the  rearing  of  cattle  is  more  profitable  ?  which 
is  often  agitated,  must  receive  a  different  solution  in  regard  to 
each  different  locality.  In  one  place  it  may  be  more  advaa- 
tageous  to  breed  cattle  or  horses ;  in  another  to  rear  or  fatten 
them  ;  here  the  production  of  milk,  butter,  and  cheese  may  be 
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the  best  husbandry;  there  the  growth  of  hay  (as  for  i 
round  London  on  the  north  and  west ;)  and  again  wheat 
the  other  cereal  grasses  may  be  the  staples  of  production, 
supposing  that  the  growth  of  grain  is  that  which  is  mosi 
vantageous  on  the  whole,  it  by  no  means  follows  that  the  fe 
shall  give  himself  up  to  this  exclusively ;  it  is  seldom  ths 
can  do  so,  indeed ;  he  must  have  manure,  and  this  entail 
necessity  of  keeping  cattle.  If  the  latter,  however,  be  the 
profitable  item  in  the  economy  of  a  particular  domain,  it  w 
course  be  kept  within  as  narrow  limits  as  possible. 

In  many  places  where  the  land  is  well  adapted  to  the  pJc 
and  where  the  production  of  grata  is  unquestionably  profit 
stock  appears  to  offer  few  advantages ;  it  sometimes  hap] 
indeed,  that  the  balance  as  regards  the  stall  and  cow-house  i 
the  wrong  side  for  the  &rmer  when  the  actual  value  oi 
forage  that  has  been  consumed  is  taken  into  the  account, 
loss  is  only  made  up  for  by  the  manure,  which  is  in  fact  th< 
turn.  This  is  the  view  that  M.  Cmd  obviously  takes  whei 
speaks  of  the  stock  upon  a  farm  as  a  necessary  evil*  I  an 
from  participating  in  his  opinion  ;  the  cattle  upon  a  farm  ar 
evil,  though  they  may  be  very  necessary.  To  be  satisfiet 
this  it  is  enough  in  fact  to  recollect  the  principle  which  has  1 
established  in  treating  of  rotation  courses,  viz :  That  in  no  < 
is  it  possible  to  export  a  larger  quantity  of  organic  too* 
and  particularly  of  organic  azotised  matter  from,  a  farm  i 
is  represented  by  the  excess  of  the  same  description  of  nu 
contained  in  the  manure  consumed  in  the  course  of  the  r 
tion.  By  acting  otherwise  the  standard  fertility  of  the 
would  inevitably  be  diminished. 

This  principle  recognised,  and  I  believe  that  it  cannot  be 
puted,  it  is  obvious  that  a  portion  of  the  produce  of  the  fi 
must  be  returned  to  them  to  fecundate  them  anew,  and  ii 
precisely  this  portion  of  the  forage  crops  deslined  to  furi 
manure  that  must  be  consumed  in  the  stable  and  cow-ho 
Reasoning  abstractly,  the  forage  plants  which  it  is  not  inten 
should  quit  the  farm  might  be  buried  directly  as  manure  witl 
being  made  to  pass  through  the  bodies  of  animals ;  their 
*  Tbeoret.  sad  Fract.  Economy  of  Agricul.  vol.  ii.  p.  235,  (in  Fren 
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tilizing  influence  on  the  soil  would  come  out  sensibly  the  same, 
and  this  is  what  is  done  in  fact,  so  often  as  we  manure  by 
smothering.  But  we  have  scarcely  made  the  first  step  in  the 
rudiments  of  agriculture  before  we  discover  the  immense  ad- 
vantages of  following  the  usual  custom,  which  first  employs  as 
forage  for  cattle  the  crops  that  are  grown  with  a  view  to  the 
production  of  maniu^.  And  we  shall  by  and  bye  find,  in  fact, 
that  by  adding  to  that  portion  of  these  crops  a  supplement  of 
forage  plants  which  it  would  be  legitimate  to  export,  without 
trenching  upon  the  fundamental  principle  above  laid  down,  we 
obtain  the  same  quantity  of  manure,  and  turn  the  whole  of  this 
supplement  into  useful  forces,  or  into  ^animal  products  which 
possess  a  market  value  greatly  superior  to  that  of  the  forage  bor 
fore  its  assimilation.  It  is  only  the  price  of  this  portion  of  the 
forage,  fixed  or  modified  by  the  cattle  on  the  farm,  which  can 
fairly  be  set  down  to  the  debit  account  of  wool  grown,  of  power 
created,  and  of  flesh  and  dairy  articles  produced.  As  to  the 
forage  plants  which  are  immediately  turned  into  manure,  it 
seems  to  me  impossible  to  regard  them  as  possessed  of  the 
proper  market  value ;  the  farmer  could  not  have  sold  them  at 
this.  In  my  mode  of  looking  at  the  thing  the  cost  of  pro- 
ducing the  forage  crop,  and  the  value  that  it  actually  has,  con- 
stitute a  circulating  capital,  the  annual  interes  of  which  esti- 
mated at  a  certain  rate  expresses  the  true  cost-price  or  value  of 
the  manure  employed  in  the  course  of  a  rotation.  In  a  word, 
in  my  eyes  the  value  of  the  manure  which  gives  fertility  to  the 
soil  is  represented  by  the  price  of  the  labour,  the  rent  charge, 
&c. — by  the  general  outlay  entailed  by  the  growth  of  the  forage 
from  which  it  is  obtained. 

I  shall  endeavour  by  and  by  to  illustrate  this  topic  by  ex- 
amples ;  but  in  order  thoroughly  to  understand  this  mode  of 
estimating  the  price  of  manure  there  are  several  elements  want- 
ing, which  I  propose  to  assemble  in  this  chapter.  With  this 
view  I  shall  first  present  the  facts  which  I  have  been  able  to 
collect,  or  which  I  have  myself  had  an  opportunity  of  observing 
in  reference  to  the  economy  of  the  domestic  animals  attached  to 
a  farm ;  and  I  shall  then  make  an  attempt  to  deduce  the  rela^ 
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tion  that  exists  between  the  consumption  of  forage  and  litter, 
animal  reproduction  and  increase,  and  the  formation  of  manure. 

§    HORNED    CATTLE. 

It  were  foreign  to  the  purpose  of  this  work  did  I  enia 
into  the  natural  history  of  the  animals  that  are  usually  attadied 
to  farming  establishments  ;  neither  will  I  pretend  to  discuss  the 
relative  merits  of  the  different  breeds  of  sheep  and  oxen,  Dcr 
speak  of  the  best  methods  of  improvmg  them.  I  confine  my- 
self to  the  varieties  which  I  have  on  my  own  farm,  or  whidi  I 
see  on  the  farms  of  my  neighbours,  and  upon  which  I  have  op- 
portunity of  making  daily  observations.  It  will  be  enough  if  I 
give  a  brief  summary  in  this  place  of  the  general  principles  ad- 
mitted by  practical  men  of  the  highest  name  and  authority  upon 
these  points.* 

Between  the  external  forms  of  animals  and  the  internal  or- 
gans essential  to  life  there  is  the  most  obvious  and  intimate 
connection.  A  broad  and  deep  chest  is  the  sure  indication  of 
ample  lungs  and  a  good  general  constitution.  The  pelvis  or 
bony  cincture  formed  by  the  rump  and  haunches  ought  to  be 
spacious  in  the  females.  A  smiiU  head  is  generally  the  indica- 
tion of  a  good  kind.  Horns  in  our  domestic  animals  must  be 
regarded  as  objectionable  rather  than  useful,  and  by  adopting 
measures  which  tend  to  repress  their  growth  we  undoubtedly 
favour  both  the  production  of  flesh  and  wool.  The  stren<^th  of 
animals  depends  far  more  on  the  degree  in  which  their  muscu- 
lar system  is  developed  than  on  the  mass  of  their  bones ;  it  is, 
besides,  flesh,  not  bone,  that  has  value  in  the  butcher's  eyes ;  so 
that  the  farmer's  business  is  by  all  means  to  strive  after  a  delicate 
but  well  covered  skeleton.  Animals  which  have  been  indiffc- 
rently  fed  whilst  young  have  often  the  bony  system  very  dispro- 
portionately developed. 

Two  modes  are  generally  followed  with  a  view  to  improvii^ 
the  external  shape  of  domestic  animals.     One  of  these  consists 

*  Cline,  in  General  Report  of  Scotland ;  Communication  to  the  Boaid 
of  Agriculture  ;  Spencer  on  the  choice  of  male  animals  for  breeding  horn; 
Cully's  Introduction,  &c.  on  live  stock,  &c. 
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in  only  breeding  from  animals  of  the  most  faultless  forms  of 
the  same  race,  and  generally  of  close  degrees  of  kindred ;  another 
in  crossing  females  with  the  males  of  a  neighbouring  race, 
each  possessing  in  the  greatest  degree  the  qualities  which  it  is 
held  desirable  to  transmit  to  the  future  race.  The  former  of 
these  plans  is  spoken  of  as  the  method  of  breeding  in  and  in  ; 
the  second  as  the  method  by  crossing. 

Certain  disadvantages  have  been  stated  as  belonging  to  the 
system  of  breeding  in,  by  the  side  of  several  unquestionable  and 
more  immediate  advantages.  Whilst  the  race  acquires  small 
bones  and  shows  a  decided  disposition  to  take  on  fat  readily,  it 
is  said  after  several  generations  to  lose  in  constitution,  to  become 
more  subject  to  disease ;  the  cows  to  give  less  milk,  and  the 
males,  in  losing  their  characteristic  masculine  forms,  to  show 
themselves  less  fit  for  propagation.  The  English  breeders  who 
take  this  view  of  the  subject  are,  therefore,  in  the  habit  of  having 
recourse  to  males  of  the  same  race,  but  bred  at  a  distance  from 
themselves.  I  must  for  my  own  part  say,  that  I  have  seen  no 
reason  to  admit  any  ill  effects  from  propagation  continued  in 
the  same  direct  line.  Our  live  stock  at  Bechelbronn  has  not 
been  otherwise  renewed  for  a  very  Jong  time  and  without  the 
race  appearing  to  suffer  in  any  wav ;  our  bulls  on  the  contrary 
have  very  much  improved. 

Mr.  Cline  insists  greatly  on  the  selection  of  females  not  only 
of  good  shape,  but  so  much  above  the  mean  height  as  to  ap- 
proach the  standard  of  the  males.  When  the  bull  is  very  much 
larger  than  the  cow,  the  progeny  is  apt  to  fall  off  instead  of 
improving ;  the  reason  for  which  Mr.  Cline  finds  in  the  large 
size  of  the  foetus,  the  issue  of  a  large  male,  which  a  small  female 
can  neither  accommodate  properly  in  her  womb,  send  easily  into 
the  world,  nor  suckle  duly  when  it  is  born.  Whatever  we  think 
of  this  explanation,  there  can  be  no  doubt  of  the  propriety  of 
giving  the  principle  pointed  at  the  most  carefiil  consideration 
in  practice.  Mr.  Cline  refers  to  the  great  improvement  that 
has  been  effected  in  the  breed  of  English  horses  mainly  through 
crosses  with  small  barbs  and  Arabian  stallions ;  the  introduction 
of  Flemish  mares  would  upon  the  same  principle  have  been 
another  means  of  still  farther  improving  the  race.     The  neglect 
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of  this  principle,  Mr.  Cline  is  of  opinion  Kes  at  the  bottom  of 
the  numerous  failures  and  disappointments  that  have  been  en- 
countered in  attempts  to  improve  the  breed  of  horses.  A 
striking  illustration  of  it  occurred  some  years  back,  when  bay 
horses  of  great  height  were  in  particular  request ;  the  Yorkshire 
breeders  had  their  mares  covered  by  the  tallest  stallions  thit 
could  be  found ;  but  they  immediately  found  that  the  progeny 
was  merely  long  legged,  that  it  was  narrow  chested  and  vnthout 
either  weight  or  bottom. 

Spencer  acknowledges  with  breeders  in  general  that  the  lxx% 
and  constitutional  qualities  are  almost  always  those  that  pre- 
ponderated in  ancestors,  and  that  the  qualities  of  the  father 
predominate  in  the  posterity,  particularly  as  regards  oxen  and 
sheep.  This  point  settled,  the  choice  of  a  good  male  is  evident^ 
the  first  point  of  consequence  in  attempting  to  improve  a  breed. 
As  it  is  not  possible,  however,  to  find  either  a  bull,  or  a  tup,  or 
a  stallion  quite  perfect,  the  one  must  be  chosen  that  is  most  fiw 
from  defect,  particularly  the  defect  or  defects  which  we  have  it 
in  view  to  correct  in  our  breeding  animals,  our  cows,  ewes  and 
mares.  Certainly  no  reasonable  breeder  would  bring  together 
animals  that  presented  similar  deficiencies ;  on  the  contrary,  he 
will  strive  to  have  his  female  served  by  the  male  which  shows 
all  the  qualities  in  the  very  highest  degree  that  are  most  wanting 
in  her.  On  the  whole  the  association  of  animals  of  the  same 
race  appears  to  me  the  best  mode  of  continuing  desirable  qua- 
lities, especially  when  this  is  conjoined  with  ample  supplies  of 
good  food  to  the  young.  The  influence  of  feeding  is  immense ; 
in  my  own  neighbourhood  I  see  that  the  progeny  of  the  Bechel- 
bronn  bulls  are  often  inferior  both  in  stature  and  shape  to  those 
that  are  brought  up  in  our  own  stables. 

Great  size,  however,  is  not  always  to  be  regarded  as  an  im- 
provement ;  height  ^is  by  no  means  a  constant  indication  of 
vigour  of  constitution.  Improvement  in  those  particulars  rf 
form  and  stature  which  are  ascertained  to  be  best  suited  to  the 
circumstances  of  the  locality,  the  climate,  the  pasture,  &c.,  are 
the  points  to  be  especially  attended  to.  It  is  above  all  indis- 
pensable to  breed  animals  of  vigorous  constitution :  over-refine- 
ment of  original  races  has  often  led  to  indifferent  conformation 
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of  body,  and  to  undoubted  delicacy  of  constitution,  which  has 
rendered  the  herd  or  the  flock  much  more  obnoxious  to  attacks 
of  epizootic  diseases. 

The  degree  of  refinement  of  an  original  stock  is  evidently 
connected  with  the  quantity  and  quality  of  the  forage  of  the 
district.  In  cold  and  mountainous  districts,  where  the  herbage 
is  scanty,  it  is  necessary  to  restrain  the  ambition  of  having 
highly  improved  stock  within  considerably  narrow  limits;  in 
such  circumstances,  the  grand  affair  is  to  have  a  hardy  race, 
not  over  nice  in  its  food,  which  through  a  considerable  portion 
of  the  year  consists  of  but  coarse  grass. 

The  ox  {bo8  taurus)  has  been  reduced  to  domesticity  from  the 
remotest  ages,  and  nothing  but  conjecture  can  be  offered  with  re- 
gard to  its  original  race.  The  animal  accommodates  himself  with 
wonderful  facility  to  the  most  opposite  climatic  circumstances ;  he 
multiplies  with  astonishing  rapidity  in  the  hottest  regions  of  the 
tropics;  unknown  at  the  period  of  the  conquest,  he  has  now  overrun 
the  steppes  of  the  vast  basins  of  the  Oronoco  and  the  Amazons, 
and  is  met  with  in  vast  herds  on  the  highest  and  coldest  table- 
lands of  the  Andes,  even  up  to  the  line  of  perpetual  snow ; 
wherever  there  is  food,  he  appears  to  thrive;  the  extremes 
of  temperature  seem  to  have  little  or  no  influence  upon  him. 

The  buffalo  (the  bos  bubulus  of  naturalists),  is  the  only  other 
member  of  this  family  that  has  been  domesticated.  He  is  fond 
of  warmth,  and  is  supposed  to  have  been  introduced  into  Italy 
towards  the  sixth  century,  from  Eastern  Asia.  The  bufEsJo  is 
also  found  in  Hungary  and  Greece ;  and  wherever  he  is  met 
with,  he  is  made  serviceable  as  a  beast  of  draught  and  bimlen, 
and  as  food. 

In  breeding  oxen,  the  great  consideration  is  the  bull.  Accord- 
ing to  Thaer,  the  bull  ought  to  have  a  short  thick  neck,  the 
head  short  and  small,  the  forehead  broad  and  curled,  the  eyes 
black  and  sparkling,  the  ears  long  and  well  placed,  the  chest 
broad  and  deep,  the  body  long,  the  legs  short  and  columnar  in 
shape.*  A  well-made  bull  would  serve  seventy  or  eighty  cows 
were  the  season  spread  equally  over  the  whole  year ;  but  as  it  is 

♦  Principles  of  Agriculture,  vol.  iv,  p.  296. 
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not  SO,  Thaer  thinks  that  twenty  is  as  niany  as  can  properly  be 
given  to  the  same  animal;  and  this,  in  fact,  is  the  number 
which  we  adopt  at  Bechclbronn. 

The  cow  gives  more  milk  than  any  animal  known.  A  great 
variety  of  external  signs  of  a  good  milker  have  been  particu- 
larized ;  but  it  may  be  said  that  there  is  none  infallible.  In  a 
general  way,  I  think  that  race  has  much  to  do  with  the  point; 
the  cow  that  is  the  offspring  of  a  mother  of  a  good  kind  and  a 
free  milker,  will  herself  be  a  good  milker  also.  I  will  only  add 
that  among  the  milch-kine  which  I  have  had  an  opportunity  of 
observing,  those  that  showed  little  tendency  to  take  on  fiit, 
whilst  they  kept  their  appetite,  have  appeared  to  me  to  yidd 
milk  in  largest  quantity,  and  for  the  longest  time. 

The  age  at  which  it  is  advisable  to  put  heifers  to  the  buD, 
depends  a  good  deal  on  the  way  in  which  they  have  been  kept 
and  brought  up,  and  also  on  their  growth.  Young  animals  of 
a  good  kind,  that  have  been  well  fed  from  the  birth  and  received 
all  the  care  which  contributes  so  powerfully  to  their  development, 
will  be  ready  to  receive  the  bull  when  they  are  between  a  year 
and  a  half,  and  two  years  old:  At  Bechdbronn,  we  bull  the 
greater  number  of  our  heifers  at  the  age  of  about  eighteen 
months.  Whenever  they  enter  into  heat  with  anything  like  !| 
force,  whatever  their  age,  they  ought  to  be  put  to  the  bull,  or 
there  is  risk  of  the  disposition  to  receive  him  dying  away,  and 
never  returning ;  the  heifer  then  begins  to  lay  on  fat,  and  ever 
after  refuses  the  male.  The  rule,  however,  is  not  to  aUow  the 
young  female  to  be  leapt  until  she  is  nearly  at  her  full  growth ; 
this,  in  fact,  is  the  season  when  the  desire  for  the  male  usually 
first  shows  itself. 

If  there  be  no  new  indication  of  heat  in  the  course  of  three  or 
four  weeks  afler  the  male  has  been  admitted,  there  is  reason  to 
believe  that  the  animal  is  pregnant.  The  cow  goes  with  calf 
about  forty  weeks ;  the  delivery  generally  takes  place  between 
the  277th  and  the  299th  day  after  the  access  of  the  bull ;  but 
periods  so  short  as  240  days,  and  others  so  long  as  321  dstvs 
have  been  observed.* 

*  Teissier  in  Annals  of  French  Agriculture,  vol.  ix,  2nd  series. 
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The  calf  that  is  brought  up  w-ith  proper  care  is  generally 
allowed  to  suck  for  five  or  six  weeks ;  but  it  sometimes  hap- 
pens that  even  at  three  weeks  old  the  quantity  of  milk  supplied 
by  the  mother  is  insufficient ;  an  additional  quantity  of  food  is 
therefore  requisite.     One  of  the  best  drinks  for  calves  is  made 
by  mixing  a  proper  quantity  of  oil-cake  with  tepid  water ;  the 
large  proportion  of  vegetable  caseum,  of  oily  matter,  and  of 
phosphates  which  the  substance  contains,  makes  it  peculiarly 
appropriate  food  for  calves ;  diffused  in  water,  it  in  fact  bears 
a  dose  resemblance  to  milk  in  point  of  chemical  composition. 
It  is  now,  too,  that  the  calf  begins  to  play  with  a  little  hay,  so 
that  it  is  always  advisable  to  place  some  within  its  reach,  the 
finest  and  softest  portions  being  picked  out. 

But  it  is  by  no  means  necessary  that  the  calf  should  ever  be 
allowed  to  suck ;  it  drinks  without  difiiculty,  or  can  be  made  to 
drink,  as  every  dairy  man  and  woman  knows,  by  putting  a  finger 
or  two  into  the  animal's  mouth  under  the  sur&ce  of  the  drink. 
A  little  warm  water  is  added  to  the  milk  during  the  first  few 
days,  in  order  to  give  it  due  warmth.  Some  begin  from  the 
very  first  to  measure  the  millr;  but  those  who  are  best  in- 
formed upon  the  subject  of  breeding  and  rearing  do  nothing 
of  the  kind.  Crud  allows  his  calves  to  drink  as  much  milk  as 
they  will  take  for  the  first  week.  Afler  this  time  they  have  an 
allowance  of  about  seven  pints  of  new  milk  mixed  with  the 
same  quantity  of  fi^sh  whey.  They  are  weaned  at  seven  weeks. 
From  the  age  of  between  nine  and  ten  weeks  to  a  year,  a  calf 
will  consume  about  a  fourth  of  the  ration  of  a  grown  cow,  say 
6^  lbs.  of  hay  per  diem.  During  the  second  year,  the  allowance 
of  hay  may  be  estimated  at  about  1 3  lbs.  or  a  little  more ;  and 
in  the  third  year  it  will  amount  to  between  1 9  and  20  lbs. 
This  is  to  be  understood  of  cattle  brought  up  carefully  but 
frugally. 

In  some  of  the  best  dairies  of  Switzerland,  the  procedure  is 
different.  During  the  first  six  weeks  the  calves  are  allowed  to 
drink  as  much  milk  as  thev  will  take  without  a  surfeit.  At  a 
month  old  they  are  served  with  chopped  hay  and  roots,  or  better 
still,  if  the  season  admits  of  it,  with  green  clover  or  lucem, 
which  they  have  at  discretion  till  they  are  seventy  days  old. 
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Treated  in  this  way,  a  calf  is  nearly  twice  as  large  and  twice  as 
heavy  as  one  that  has  been  brought  up  economically.  During 
the  remaining  293  days  that  make  up  the  first  year,  the  animal 
is  allowed  from  8  to  9  lbs.  of  hay ;  and  this  quantity  is  doubled 
during  the  second  year.  By  proceeding  in  this  way,  a  heifer 
at  two  years  old  may  herself  be  a  mother  and  contributing  to  the 
produce  of  the  dairy. 

Our  procedure  at  Bechelbronn  is  calculated  on  the  Swiss 
plan.  The  calves  suck  till  they  are  six  or  seven  weeks  old, 
being  put  to  the  cows  night  and  morning.  Anything  they 
leave  is  milked  off.  After  numerous  trials  by  guaging  and 
weighing,  I  find  that  our  calves  take  each  during  the  forty-two 
days  they  are  allowed  to  suck,  from  528  to  600  pints  of  milk; 
in  other  words,  from  14^  to  18^  pints  per  diem.  The  quantitT 
of  milk  which  a  calf  takes  immediately  after  its  birth,  does  not 
indeed  amount  to  anything  like  even  the  smaller  of  these  quan- 
tities :  still  it  is  considerable. 

A  calf  which  weighed  at  its  birth  on  the  1 8  th  of  May 
108.9  lbs.,  after  having  sucked  weighed  112.4  lbs. ;  so  that  it 
had  taken  3.5  lbs.  of  milk  to  its  meal;  and  as  it  had  two  of 
these  in  the  day,  7.0  lbs.  in  all.  The  same  calf,  thirteen  days 
afterwards,  weighed  1 30.9  lbs. ;  and  after  having  sucked, 
139.0 lbs.;  it  had  therefore  taken  8.1  lbs.  to  its  meal,  or 
16.2  lbs.  per  day. 

About  the  third  week  after  birth,  our  calves  have  hay  of  the 
best  quality  set  before  them ;  they  take  very  little  at  first,  but 
they  soon  get  accustomed  to  it,  and  at  weaning  time  it  com* 
monly  suffices  for  their  support.  It  may  happen,  however,  that 
at  this  period  they  fall  off  a  little,  but  they  soon  recover  again; 
still,  if  any  of  them  appear  delicate,  it  will  be  prudent  to  allow 
about  a  couple  of  quarts  of  milk  a  day  mixed  with  water,  for 
some  little  time,  which  is  gradually  withdrawn  as  the  animal 
becomes  accustomed  to  its  new  food. 

Calves  grow  with  great  rapidity  during  the  suckling  time. 
The  only  experimental  data  with  which  I  am  acquainted  in  re- 
gard to  the  increase  of  weight  of  calves  during  the  first  period 
of  their  lives,  are  those  of  M.  Perrault  de  Jotemps*  Thete 
observations  I  shall  associate  with  those  which  I  haw  mjuM 
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made  at  Bechelbronn,  where,  by  a  happy  coincidence,  we  have 
the  same  Swiss  race  of  cattle  as  Messrs.  Perrault  at  Feuillasse. 
The  weight  of  three  calves  at  birth  was  found  by  M.  Perrault 
to  be: 

No.  1.  .  .  .    70.4  lbs. 

No.  2.  .  .  .    83.8 

No.  3.  .  .  .     80.8 


Average  •  .  •     78.0 

At  Bechelbronn  the  weight  of  six  calves  at  birth  was : 


No.  1,  bom  in  May 

.  108.9  lbs. 

February 

.     88.0 

Ditto      . 

.     90.2 

April 

.  100.1 

June 

.     88.8 

May       • 

.  101.2 

Average            •            • 

.     96.2 

M.  Ernest  Perrault  found  that  a  calf,  No.  1,  during  the  first 
eighteen  days  of  its  life  increased  on  an  average  2.8  lbs.  per 
diem;  No.  2  increased  at  the  rate  of  1.8 lbs.  per  day;  and 
No.  3  at  the  rate  of  2.7  lbs.  per  day ;  average  increase,  2.4  lbs. 
per  day.  Another  calf,  born  at  Feuillasse,  which  weighed 
101.2  lbs.,  when  nineteen  days  old  weighed  151.2lbs. ;  so 
that  it  had  gained  50  lbs.,  or  at  the  rate  of  2.6  lbs.  per 
diem.;  a  rate  which  corresponded  precisely  with  what  was 
observed  in  the  case  of  nine  other  calves  fed  for  the  butcher, 
the  average  increase  of  which  per  diem  was  2.7  lbs.,  during 
which  each  has  had  about  19.3  pints  of  milk  daily. 

The  conclusions  come  to  at  Bechelbronn  bear  a  dose  resem- 
blance to  those  of  Feuillasse : 

A  calf  which  at  birth  weighed      .  108.9  lbs. 
Weighed  13  days  afterwards         .  139.0 

Increase  in  12  days     .        .        .30.1     Increase  per  day,  2.5  lbs. 

A  calf  bom  12th  of  Feb.  weighed      88.0  lbs. 
On  the  dOth  of  March  it  wd^ed    171.6 

Increase  in  46  days    .        •        .    83.6    Inereaseper  day,  1.8 
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The  same  calf«  weaned  the  2 let 

of  April,  weighed    .         .         •  193.6  lbs. 

Increase  in  21  days     .        .        .     22.0       Increase  per  day,  1.03 

It  is  obvious,  therefore,  that  from  the  time  of  weaning,  the 
growth  ceases  to  be  so  rapid ;  the  transition  from  the  milk  diet 
to  one  of  hard  dry  food,  is  often  critical  for  young  animals ;  and 
I  have  already  said  that  it  is  one  at  which  they  frequently  lose 
weight. 

If  we  reckon  the  daily  increase  from  birth,  that  is  to  say,  for 
69  days  of  mixed  alimentation,  we  have  1 .5  lb.  for  the  quantity: 

Crescent,  bom  the  27th  June,  weighed     88.8 


Eleven  days  later 

Increase     .... 

At  the  age  of  37  days  he  weighed 

Increase  in  26  days    . 

Six  days  afterwards  he  weighed 

Increase  in  6  days       •         • 

Another  calf  at  birth  weighed 
At  weaning,  aged  41  days  . 


Increase 


.  112.1  lbs. 


.  23.3     per  day,  2. 1  Ibt. 

.  188.1 

.  67.1     per  day,  2.5 

.  202.4 


14.3    per  day,  2.3 

101.2 
189.2 


88.0    per  day,  2.1 


These  various  observations  give  about  2.2  lbs.  for  the  average 
daily  increase  of  a  calf  in  weight  during  the  period  it  is  suddng. 
The'  data  of  M.  Perrault  make  it  a  little  higher,  2.7  lbs.  So 
that  it  may  be  assumed  that  a  calf  which  is  receiving  from 
15  to  19  pints  of  milk  in  the  day,  will  be  gaining  2.48,  or 
very  nearly  2^  lbs.  in  weight  per  diem. 

It  wiU  readily  be  understood  that  in  places  where  milk  is  of 
considerable  value,  as  in  the  neighbourhood  of  cities,  the  farmer 
may  find  his  profit  in  selling  that  article  directly  rather  than  in 
turning  it  into  veal  or  beef,  more  especially  if  the  usage  of  the 
district  be  to  give  the  calves  milk  tUl  they  are  three  or  evea 
four  months  old.  Nothing,  in  my  eyes,  can  justify  such  a 
needless  expenditure  of  milk ;  especially  since  I  have  had  an 
opportunity  of  witnessing  what  I  may  call  the  natural  course  of 
rearing  cattle  in  the  steppes  of  South  America.  There  the 
young  animab  only  receive  milk  in  anything  like  quantity  for 
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two  or  three  weeks ;  they  soon  get  accustomed  to  live  on  grass. 
In  the  warmer  countries  of  the  earth,  too,  cows  give  much  less 
milk  than  they  do  in  temperate  latitudes,  and  the  secretion  also 
dries  up  much  sooner.  The  value  of  the  milk  and  the  high 
price  of  butter  and  cheese  are  unquestionably  at  the  bottom  of 
the  immense  slaughter  that  takes  place  in  France  among  the 
calves,  even  at  a  very  early  age,  when  they  are  fat  but  do  not 
weigh  more  than  from  110  to  112  lbs.  This  circumstance 
undoubtedly  stands  in  the  way  of  the  production  of  meat  in  that 
country,  and  causes  the  notorious  scarcity  of  meat  of  the  best 
quality.  Of  the  two  millions  of  calves  which  it  is  calculated  are 
daughtered  in  France,  ^ths  are  killed  before  they  are  a  month 
old,  and  when  they  do  not  weigh  one  with  another  more  than  from 
90  to  110  lbs.  But  we  have  seen  that  at  two  months  old 
the  weight  will  have  increased  to  from  154  to  176  lbs.,  more 
than  half  as  much  again ;  so  that  by  merely  keeping  the  ani- 
mals for  one  month  more,  the  quantity  of  butcher-meat  brought 
to  market  would  be  increased  by  about  1 20,000,000  lbs.* 

It  does  not  by  any  means  follow,  however,  as  the  excellent 
authority  I  have  quoted  seems  to  think,  that  this  increase  of 
butcher-meat  would  add  to  the  actual  amoimt  of  food  produced 
by  the  agricultural  industry  of  the  country.  To  produce  2  lbs. 
of  veal,  in  fact,  I  have  shown  that  something  Uke  22  lbs.  of 
milk  must  be  consumed;  but  it  is  evident,  that  1,200,000,000 
of  pounds  of  milk  represent  an  amount  of  nutritive  matter 
superior  in  value  to  1 20,000,000  of  pounds  of  veal.  Could 
the  production  of  the  additional  quantity  of  meat  in  the  course 
of  the  second  month  be  effected  by  means  of  any  other  food 
less  costly  than  milk,  which  is  itself  a  fluid  of  great  value  as 
food,*  with  ordinary  forage,  for  example, .  or  linseed  tea, 
or  oil-cake,  &c.,  the  state  of  the  question  would  be  changed, 
and  there  would  then  be  no  doubt  of  the  advantage  to 
the  commimity  of  the  additional  supply  of  butcher  meat. 
This  indeed  is  so  well  imderstood  that  all  the  efforts  which 
have  been  made  to  improve  upon  the  ordinary  and  simply 
natural  mode  of  rearing  young  cattle  have  been  directed  with  a 
view  to  economizing  milk.     The  interesting  work  of  M.  Ernest 

*  Perrault  de  Jotemps,  in  Jounial  d' Agriculture,  t.  t. 
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Pemult,  from  which  I  am  about  to  make  several  extracts, « 
not  written  with  any  other  purpose. 

M.  Perrault  set  out  with  the  view  of  ascertaining  experiim 
tally,  1st.  whether  the  large  quantity  of  milk  generally  tSlav 
to  Bucking  calves  is  really  indtspeoEable,  and  whether  it  is  pi 
Bible  to  diminish  it  without  detriment  to  the  animals;  2[ 
whether  a  portion  of  the  milk  can  be  replaced  by  hay  tea, 
article  prepared  by  pouring  14  or  1 5  pints  of  boiltng  water  up 
a  pound  of  fine  meadow  hay,  and  infasing  for  a  few  hours. 

The  observations  were  made  upon  three  calves  taken  af 
weaning.  A  was  kept  for  94  days  on  the  usual  allowance 
calves  at  Feuillasse  ;  B  had  a  smaller  quantity  of  milk,  and  fir 
the  42nd.  day  after  birth  had  an  increasing  aUowance  of  so 
food ;  C  in  the  course  of  the  comparative  experiment  had  4 
pints  of  hay  tea,  and  as  it  is  impossible  to  regard  the  infusion 
of  higher  nutritive  value  than  the  article  from  which  it  is  p 
pared,  I  shall  set  down  this  drink  as  equal  to  28^  lbs.  of  b 
The  allowance  of  milk  was  stopped  48  days  after  the  weaning 

A  B  and  C  were  kept  on  their  respective  rations  for  95  da 
The  threo  were  kept  for  the  first  1 8  days  on  milk  entiit 
during  which  it  was  calculated  that  each  had  had  from  1 
mother  337  pints.  Here  are  the  rations  in  a  tabular  and  coi 
paiative  manner. 


A. 

Oi>lbtii.<ud>ll(.n(,„. 

B-                                                            C. 

Ob  ■  niMti  nUnrucc  of 

n.Uk.                                              Oo  h>,.t«. 

i 
1. 

■3 

il 

1 

i 
1 

i. 

1 

KfcS.'^d.i;'  'J2 

tbi. 

F«>d,Wd«l 

D>nii3   .   . 

'51! 

Ibi. 

DM 

D^iia   .   .   . 

IW) 

»H 

IM 

sua 

D«T»1I3     ,    ,     , 

MB       Ml 

It  would  hara  been  desirable  to  have  had  these  three  aUv 
weighed  immediately  after  the  termination  of  the  eiperimen 
at  this  was  not  done,  the  resnlls  have  not  the  whole  mfth.  m 
aaion  that  seems  desirable.  Nevertheless,  M.  Permult  ^^K 
observations  oondudos :  "°'^  *' 
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let.    That  A,  kept  on  milk  alone,  weighed  at  birth       .  88  lbs. 

At  the  age  of  452  days      .        •        •        .        •        .  771.0 

Total  increase 683.0 

Increase  per  day        •         •        •        •         1.5 


2nd.   That  B,  on  the   reduced  allowanca  of    milk, 

weighed  at  birth    •••••••  83.6  lbs. 

At  the  age  of  224  days 404.2 

Total  increase 320.6 

Increase  per  day        •        •        •        .        1.4 

3rd.  That  C,  on  hay-tea,  weighed  at  birth  •        •        •  11 1.2  lbs. 

At  the  age  of  101  days 270.6 

Total  increase 159.4 

Increase  per  day        •        •        .         .1.67 


M.  Perrault's  general  reference  is,  that  the  calf  which  had  the 
hay-tea  ration  grew  more  rapidly  than  either  of  the  other  two 
brought  up  either  on  pure  or  on  dilute  milk.  The  differences, 
however,  are  within  the  limits  of  the  variations  noted  in  animals 
that  are  reared  on  the  same  ration. 

If  we  reduce  the  various  articles  consumed  in  these  experi- 
ments to  food  of  the  same  nutritive  value,  to  hay  for  example, 
we  find  that : 

A  consumed  in  112  days  1357  lbs.  of  hay* 
B  „  113     „      1137        „ 

C  „  113     „        906 

The  minimum  ration  for  the  maintenance  of  calves,  to  which 
M.  Perrault  oomes  from  his  experiments,  differs  little  from  that 
which  we  think  amply  sufficient  at  Bechelbronn ;  and  our  animals 
certainly  are  not  inferior  to  those  of  Feuillasse.     This  fact  may 

*  Milk  must  be  regarded  in  the  light  of  forage,  so  that  its  equivalent 
should  be  stated.  Assuming  milk  to  consist  of  12.61  dry  matter  and 
87.39  water,  I  find  by  direct  analysis  that  100  of  this  dry  matter  contains 
4.0  of  azote  ;  so  that  100  of  milk  contains  0.50  azote.  This  shows  that 
230  of  milk  are  required  to  replace  100  of  good  meadow  hay  containing 
1.50  azote. 
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be  judged  of  by  the  following  particulars,  which  I  have  selected  as 
aflfording  the  elements  of  contrast  with  M.  Perrault's  B.  and  C. 

Sophy  weighed  at  birth       ......     100.1  lbs. 

At  the  age  of  102  days 279.4 

Total  increase 179.3 

Increase  per  day        •         .        .       •  1.7S 

Food  consumed :     Milk  525  parts,  weighing  684  lbs.  s=hay  297  lbs. 

Hay 539 

In  all         •         •         .         .     836 

Rosa  at  birth  weighed 96.8  lbs. 

At  the  age  of  239  days 478.0 

Total  increase 376.2 

Increase  per  day  •        •        •         .     1 .58 

This  calf  consumed :  Milk  528  pints  weighing  6841b6.=hay     297  lbs. 

Hay 1773 

In  all 2070 

Without  calling  in  the  assistance  of  hay-tea,  consequently, 
by  bringing  up  on  milk  for  seven  weeks,  and  giving  forage  as 
soon  as  possible,  it  is  obvious  that  we  obtain  results  fully  as  good 
as  those  of  M.  Perrault. 

I  have  said  that  it  was  during  the  period  when  calves  are 
sucking,  or  receiving  a  regular  allowance  of  milk,  that  the  in- 
crease  of  weight  was  most  rapid.  As  the  animal  approaches 
the  term  of  its  complete  development,  the  weight  in  an  equal 
interval  of  time  increases  at  a  progressively  diminishing  rate ; 
but  from  the  data  which  I  have  collected,  but  which  are 
not  very  extensive,  it  appears  that  the  increase  is  very  regular 
until  the  full  growth  is  attained.  From  this  period  the  animal 
continues  stationary,  if  he  merely  receives  the  ration  of  main- 
tenance ;  any  variation  observed  is  purely  accidental,  and  loss  or 
gain  one  day  is  compensated  by  gain  or  loss  on  another.  The 
adult  animal,  which  does  not  lay  on  fat,  thus  acquires  a  stan- 
dard weight  which  is  preserved  for  a  term  of  years  unchanged, 
until  the  period  of  decrepitude  and  decay  arrives. 

It  is  not  unimportant  to  ascertain  the  progressive  increase  in 
weight  of  cattle ;  the  balance  is  a  means  which  the  breeder  and 
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feeder  ought  not  to  neglect ;  it  is  a  powerful  check  upon  his 
servants,  and  a  sure  tell-tale  in  regard  to  the  state  of  the  stock  at 
any  moment.  A  conscientious  herdsman  is  a  most  precious  person 
on  a  farm ;  but  the  more  I  study  breeding  and  feeding,  the  more  I 
am  satisfied  that  the  most  trustworthy  agent  of  all,  is  the  balance. 
Frequent  weighings  are  necessary,  in  order  to  keep  a  regular  ac- 
count of  the  state  of  the  cow-houses.  I  here  append  such 
absolute  observations  as  I  have  made  on  the  increase  of  weight 
in  homed  cattle,  with  an  expression  of  regret  that  I  have  not 
been  able  to  present  my  reader  with  more  numerous  data  :* 


Names  of  Beaata. 

WHght  at 
Birth. 

Age  when 
weighed. 

Weight  at 
this  time. 

Increase 
per  diem. 

Rkxaexs. 

lbs. 

Days 

lbs. 

lbs. 

Victoria    . 

82 

56 

180 

1.93 

Under  a  year  old. 

Ditto 

»$ 

156 

288 

1.45 

Susan 

80 

168 

176 

1.55 

Ditto 

»9 

168 

270 

1.25 

Gallop      . 

88 

82 

178 

1.21 

Ditto 

»> 

164 

254 

1.43 

Ditto 

$» 

264 

388 

1.59 

Schwartz . 

90 

83 

202 

1.47 

Sophy 

91 

102 

254 

1.76 

Mignonne 

90 

103 

216 

1.34 

Ditto 

>» 

203 

312 

1.56 

Margot 

88 

108 

224 

1.38 

Ditto 

>» 

190 

304 

1.56 

Ditto 

$9 

290 

482 

1.83 

James 

88 

119 

216 

1.25 

Ditto 

»$ 

201 

284 

1.07 

Ditto 

»> 

301 

452 

1.32 

Petrel 

88 

147 

270 

1.36 

Ditto 

$> 

229 

378 

1.40 

Ditto 

•» 

329 

538 

1.49 

Rosa 

88 

239 

430 

1.58 

Stem 

90 

275 

570 

1.91 

Ditto 

$» 

357 

732 

1.93 

Ditto 

•» 

436 

880 

2.00 

From  1  to  3  yrs.  old. 

Ghastel 

89 

465 

972 

2.09 

Ditto 

•» 

547 

1080 

2.00 

Eichaas 

90 

730 

976 

1.34 

Ditto 

*  • 

811 

1074 

1.34 

Castor,  2nd  boll 

100 

796 

1740 

2.26 

Become  flit,  killed. 

Castor,  1st  bull 

98 

1009 

1602 

1.65 

Ditto. 

*  As  the  weighU  were  merely  relative,  I  have  neglected  the  fractions  in 
turning  the  French  kilogramme  into  avoird.  pounds.  I  have,  however, 
given  the  true  increments  of  weight  pej  dient — Eno.  Ed. 
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By  way  of  pendant  to  these  results,  I  give  two  series  of 
weighings,  one  of  which  has  reference  to  the  increase  of  weight 
of  a  heifer,  on  which  I  made  a  number  of  consecutive  observa- 
tions ;  the  other  was  undertaken  with  a  view  to  ascertain  the 
variations  which  milch  kine,  aged  more  than  three  years,  may 
experience : 


Datti 
Heifer  weighed. 

Weight 

Gain 
between  one 
weighing  and 
another. 

Hole 

elapsed. 

InCfMM 

In  24  hours. 

H-a*. 

Sept.  5 

„      9          . 

Ibi. 

369.8  \ 
374  0/ 

Ibt. 

42 

IDayi. 
3 

1.40 

Fed  with  hay  and 
roots. 

„  23        . 

393.8 

19.8 

14 

1.41 

Nov.   3 

429.0 

35.2 

41 

0.85 

,.     28       . 

469.4 

40.4 

25 

1.21 

Jan.  29 

550.0 

80.6 

62 

1.32 

Apl.  21 

678.4 

128.4 

82 

1.50 

Was  fed  on  green 

July    9 

884.4 

206.0 

79 

2.48 

clover  at  discretion. 

Aug.  3 

950.4 

66.0 

25 

2.64 

TABLB    OP   MILCH-KINB   TBRBB    TEARS    OF   AGB   AND    UPWARDS, 


let 

2nd. 

Intcrral  between 

DiftiiBli 

Names. 

Age. 

Weighing 

Weighing 

Difference 

.  the  weighings. 

perdar* 

lbs.  avoir. 

lbs.  aToir. 

Days. 

lbs.  « 

Esmeralda 

3 

1 

1445 

1555 

110 

82 

+  1^ 

Orphan 

3 

2 

1315 

1434 

119 

»f 

+  1.5 

Gralatea  • 

6 

»» 

1540 

1394 

146 

*• 

—1.7 

Gritana   . 

6 

»» 

1320 

1386 

QQ 

»* 

+0.8 

Hannchen 

7 

»$ 

1100 

1236 

136 

t» 

+0.2 

Paysanne 

7 

»t 

1449 

1540 

91 

»• 

•+u 

Raffalea 

8 

t» 

1672 

1727 

55 

f» 

+0.6 

Prima  Donna . 

8 

»t 

1784 

1654 

130 

»> 

—1.5 

Formosa 

9 

•f 

1573 

1601 

28 

«• 

+0.4 

Belle  et  Bonne  1 1 

3 

1346 

1287 

59 

f« 

—0.6 

Taking  the  preceding  numbers  as  the  authority,  and  untfl  we 
have  a  larger  number  of  weighings,  I  think  we  may  conclude 
that  the  living  weight  of  cattle  of  the  Swiss  breed  increases  by 
the  following  quantities  per  diem : 

During  the  period  of  suckling  at  the  rate  of    2.4  lbs. 
Under  three  years    •        •        •        ,        •     1 .5 
Above  three  years   •        •        •        •        «    0.2 
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The  increase  of  weight  of  growing  animals  depends  much  on  the 
kind  of  food  they  have,  and  it  is  matter  of  great  moment  to  know 
the  precise  amount  of  fodder  which  neat-cattle  require  in  order  to 
thrive.  Those  who  have  treated  of  it  specially  are  as  far  from 
being  agreed  as  to  the  proper  ration ;  and  then  many  who  have 
specified  the  kind  and  quantity  of  the  food  have  n^lected  the  ages, 
the  absolute  weights^  the  amount  of  labour  required,  and  the 
milk  obtained  from  the  animals.  It  is  subject  of  simple  obser- 
vation that  an  animal  of  great  size,  all  things  else  being  equal, 
will  require  a  larger  quantity  of  forage  than  another  of  less  bulk. 

Once  the  allowance  of  food  is  well  established,  it  is  greatly 
to  be  desired  that  it  be  continued  with  the  greatest  regularity. 
Nothing  is  more  injurious  to  cattle  than  stinting.  Still  there  is  a 
term  in  every  year  when  the  live  stock,  or  some  portion  oi  them, 
at  least,  are  almost  necessarily  stinted  in  their  food ;  in  the  depth 
of  winter  the  animals  that  are  not  put  up  to  fatten  consume 
little  or  nothing  but  straw.  At  this  season  consequently  the 
stock  fall  off  considerably  in  flesh,  in  strength,  and  in  the  milk 
they  give ;  and  when  the  loss  has  been  very  great,  the  animals 
are  sometimes  too  far  gone  to  recover  when  the  spring  has  come 
roimd.  This  state  of  things  is  greatly  to  be  deplored,  and  in- 
deed ought  to  be  viewed  as  most  prejudicial ;  it  will  be  alto- 
gether impossible  to  advance  the  economy  of  neat-cattle  to  the 
point  of  perfection  which  it  is  fitted  to  attain  until  means  are 
taken  to  secure  every  portion  of  the  stock  at  every  period  of  the 
year  a  sufficiency  of  properly  nutritious  food.  Happily  with 
the  progress  of  agricultiut),  this  condition  is  becoming  every  year 
more  and  more  easy;  the  introduction  of  roots  (turnips  and 
mangel  wurzel,)  and  of  tubers  (potato,)  into  the  routine  of  every 
farm  that  is  respectably  managed,  supplies  a  fodder  through  the 
whole  of  the  winter  that  is  equivalent  to  the  grass  and  other 
green  meats  of  spring  and  summer. 

Thaer  fixes  at  1 3  lbs.  the  quantity  of  hay  per  diem  which  a 
cow  requires  for  her  maintenance  in  perfect  condition ;  and  if 
the  animal  be  in  milk  he  allows  as  many  as  from  22  to  33  lbs. 
But  the  ration  must  vary,  as  I  have  said,  with  the  weight  of  the 
animal.    M.  Perrault  states  27  lbs.  as  the  allowance  for  a  milch- 
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COW  weighing  about  880  lbs. ;  he  having  in  his  experience  found 
that  an  animal  in  milk  required  about  6^  lbs.  of  hay  for  every 
220  lbs.  of  living  weight.  Pabst,  who  paid  great  attention  to  the 
feeding  of  cattle,  admits  that  for  the  ordinary  allowance  of  an 
ox  doing  nothing,  or  of  a  cow  which  is  dry,  3.85,  or  upwards 
of  3flbs.  of  hay  are  required  for  each  220  lbs.  of  carcass 
weight;  4.4  or  about  4  J  lbs.  if  the  animal  be  a  draught  ox; 
and  6.6  or  upwards  of  6jJ  lbs.  if  it  be  a  milch-cow. 

The  inquiries  which  I  have  made  into  this  subject  have  kd 
me  to  conclusions  somewhat  different,  from  which  I  infer  that 
the  relation  between  the  weight  of  the  living  animal  and  the 
necessary  fodder  is  not  an  invariable  quantity.  A  very  large  ox 
or  cow  relatively  to  its  weight  requires  less  food  than  an  animal 
of  smaller  dimensions.  And  this  circumstance  is  a  grand  argu- 
ment with  those  breeders  who  are  in  favour  of  very  large  catde; 
they  say  that  if  a  large  ox  consumes  more  food  than  a  small  one, 
still  the  increase  of  consumption  is  by  no  means  in  the  ratio  of 
the  increase  of  weight. 

The  milch- cows  at  Bechelbronn  have  no  more  than  33  lbs.  of 
hay  ixjr  head  per  diem,  or  the  equivalent  of  this  quantity  of 
forage.  But  the  smallest  creature  on  the  farm  at  the  time  my 
experiments  were  made  did  not  weigh  less  than  11 10  lbs. 
(79  stone  4  lbs.) ;  the  relation  of  the  living  weight  to  the  food 
being  therefore  as  100  is  to  2.73,  say  2.f. 

The  largest  cow,  again,  weighed  1784  lbs.  (127  stone  4lbs.) 
so  that  the  relation  is  here  as  100  is  to  1.85  or  l^ths.  The 
average  relation,  taking  the  whole  of  the  cows  in  the  stable 
came  out  as  100  is  to  2.25  ;  in  other  words  for  every  100  lbs. 
of  carcass  weight,  2|,  lbs.  of  meadow  hay  per  day  had  to  be  al- 
lowed. 

It  thus  appears  from  these  inquiries  that  growing  animals  re- 
quire more  food  relatively  to  their  weight  than  when  they  are 
adult.  The  young  animals  upon  which  I  made  my  observations 
were  from  5  to  20  months  old ;  and  for  this  age  I  found  that 
for  every  100  of  living  weight  3.08  or  upwards  of  3^  lbs.  of 
hay  were  required.  The  following  table  will  give  my  conclusions 
at  a  glance. 
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In  the  course  of  the  experiments,  the  calves  were  kept  on 
good  meadow  hay  allowed  them  at  will  according  to  our  usual 
custom.  The  hay  that  was  put  into  the  crib  once  a  day  was 
weighed,  and  an  account  was  kept  and  deducted  of  any  that  had 
been  left  of  the  previous  day's  allowance.  The  length  of  time 
during  which  each  several  experiment  was  continued,  varied 
from  2  to  1 3  days,  and  I  have  thought  it  right  to  indicate  the 
season  of  the  year  lest  that  should  have  any  influence.  To  sum 
up  then,  it  may  be  said  that  for  every  100  of  living  weight  neat- 
cattle  require : 

For  simple  sustenance  (Pabst)     .         . 
When  labouring  (Pabst)      .         , 
When  in  milk  (Pabst) 

(Perrault)     . 
(Boussingault,  large  cows) 
Growing  rapidly  (Boussingault) 

The  forage  ought  to  be  given  to  cattle  with  great  regularity, 
and  care  should  be  taken  that  they  do  not  eat  too  hastily. 
Generally  speaking,  they  have  their  allowance  three  times  a  day, 
constituting  so  many  meals,  which,  however,  are  well  divided, 

QQ 


ft 


•» 


0.7 J  or  }lbs.  meadow  hay. 

2.0 

3.0 

3.12 

3.73 

3.08 


t> 


it 


6p6  FEEDING SALT. 

the  whole  quantity  for  each  meal  not  being  placed  before  tiie 
animal  at  once.     This  precaution  is  particularly  necessary  when 
the  allowance  consists  of  green  fodder.     The  watering  should 
take  place  in  the  intervals  between  meals,  the  animals  being 
driven  to  the  trough  night  and  morning ;  though  when  the  heat 
is  excessive,  it  is  better  to  water  them  three  times  a  day.     The 
water  ought  to  be  of  good  quality,  though  if  it  have  no  delete- 
rious substance  dissolved  in  it,  cattle  seem  to  make  no  objection 
to  that  which  is  turbid,  and  which  cannot  we  should   think  be 
very  palateable.     Our  cattle  are  watered  during  a  part   of  tlic 
year  with  water  from  a  shaft  pierced  through  a  highly  argilla- 
ceous soil.     Cattle  seem  to  dislike  excessively  cold  water,   they 
then  drink  as  little  as  possible.     The  cattle  in  the  great  South 
American  plains  drink  water  at  a  temperature  of  from  85*  to 
97"  F.     In  Europe,  the  best  water  in  point  of  temperature  in 
winter  is  that  of  a  deep  well. 

Every  one  is  familiar  with  the  taste  which  herbivorous  animals 
show  for  salt,  and  this  is  one  of  the  articles  which  is  advan* 
tageously  made  to  enter  into  the  ration  when  its  price  is  not 
too  high.  In  France  it  is  absolutely  necessary  to  use  the  artide 
with  extreme  parsimony,  a  -circumstance  which  I  much  r^^t, 
and  which  I  cannot  but  view  as  prejudicial  to  rural  economy ; 
[in  England  where  the  odious  salt  tax  has  been  got  rid  of,  salt  of 
the  most  beautiful  quality  is  one  of  the  cheapest  of  all  manufac- 
tured substances]  I  know  that  many  feeders  do  not  think  salt 
indispensable ;  but  their  authority  is  opposed  by  that  of  some 
of  the  highest  names  in  Germany  and  England,  and  my  own 
mind  has  long  been  made  in  regard  to  the  value — to  the  excel- 
lent effects  of  this  substance.  I  ascertained,  for  instance,  that 
milch-kine,  though  they  would  not  do  upon  potatoes  alone,  throve 
very  well  when  they  had  from  two  or  two  and  a  quarter  ounces 
of  common  salt  added  to  the  ration.  A  celebrated  English 
breeder,  Mr.  Curwen,  recommends  about  3^  ounces  of  salt  to 
be  given  daily  to  cows  and  heifers  in  calf  and  to  draught  oxen, 
and  something  less  to  fatting  oxen,  to  young  animals  and  to 
calves.* 

The  high  price  of  salt  in  France  does  not  allow  us  to  fa«  |q 

*  Sinclaiif  Agriculture. 
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liberal  at  Bcchelbronn ;  yet  we  make  a  distribution  of  the  article 
three  times  a  week,  and  in  quantities  which  bring  the  allowance 
to  something  more  than  about  an  ounce  and  a  half  per  day.  By 
way  of  eking  out  the  allowance  of  saline  matter  we  farther  supply 
from  time  to  time  a  quantity  of  Glauber  salt,  which  comes  in  all  to 
rather  more  than  hdf  an  ounce  per  head  per  diem.  The  use  of 
this  salt,  sulphate  of  soda  has  long  been  common  in  Alsace,  and 
also  on  the  other  side  of  the  Rhine,  and  its  effect  on  the  health 
of  horses  and  of  sheep,  as  well  as  of  homed  cattle,  has  been 
recognized  as  highly  advantageous.  In  Wurtemburg,  the  horses 
have  very  commonly  725  grains,  neat-cattle  463  grains,  sheep 
305  grains,  and  swine  250  grains  of  Glauber's  salt  twice  a 
week.* 

Salt  appears  to  be  more  especially  useful  in  hot  weather  and 
in  warm  climates.  In  the  steppes  of  South  America  it  is  held 
by  the  llama  keepers  as  an  axiom  that  cattle  cannot  live  without 
salt.  Wherever  a  flock  thrives  particularly  well  it  may  be 
averred  a  priori  that  there  is  a  salado  there,  a  salt-lick  of  the 
Northern  Americans,  or  place  where  there  is  a  salt  spring.  In 
the  Savannahs  that  are  without  saline  springs,  the  herdsmen 
make  a  distribution  of  salt  every  day.  On  the  plateau  or 
table  land  of  Nueva  Granada,  common  salt  is  replaced  with 
Glauber  salt,  as  in  Alsace  and  Wurtemburg,  and  I  may  say  that 
it  was  matter  of  much  interest  to  me  to  find  the  same  custom 
prevailing  on  the  table  lands  of  the  Andes  as  upon  the  banks  of 
the  Rhine. 

$  II.    MILCH-KINB. 

I  have  already  had  occasion  to  say  that  the  signs  by  which 
the  qualities  of  kine  as  milkers  were  sought  to  be  appreciated 
are  somewhat  deceitful.  Still  I  am  far  from  denying  that  prac- 
tice and  experience  do  not  enable  many  persons  to  pronounce 
with  some  certainty  upon  this  particular.  The  power  of  doing 
so,  however,  is  in  some  sort  the  peculiar  privilege  of  him  who 
possesses  it ;  at  least  I  have  seen  all  the  general  rules  that  have 
been  laid  down  on  the  subject  fail :  I  have  seen  cows  of  the 
most  opposite  conformations  equally  productive.     I  have  al^Q 

*  Communicate  by  Mr.  Schatfempaim. 
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said  that  race  or  descent  had  much  to  do  with  this  quality ;  the 
heifer  that  comes  of  a  mother,  a  good  milker,  will  be  very  likdjr 
to  turn  out  a  good  milker  also.  The  legitimate  way,  therefore, 
of  obtaining  a  good  race  ]of  milch-kine  is  to  breed  them  from 
a  stock  that  is  already  noted  in  this  respect.  At  the  time  of 
my  penning  these  lines  there  are  two  animals  on  the  farm  that 
are  remarkable  as  milch-kine :  one  is  a  tall  unseentily  animal, 
the  bones  projecting,  and  altogether  thin  and  miserable ;  the 
other  is  a  small  cow  with  rounded  outlines  everywhere,  the  boDT 
frame  but  little  conspicuous ;  her  skin  soft,  her  hair  sleek  and 
fine.  Nevertheless  these  two  animals  have  one  character  in 
common, — the  udder  is  of  extraordinary  size. 

We  ought  not  to  be  hasty  in  judging  of  the  value  of  a  mildi- 
cow  after  the  first  calf ;  age  has  great  influence  on  the  secretion 
of  milk.  It  is  generally  allowed  that  a  cow  does  not  attain  to 
her  maximum  capacity  of  yielding  milk  imtil  she  has  passed  her 
sixth  year. 

With  regard  to  the  means  we  have  of  judging  of  the  age  of 
a  cow,  they  are  principally  derived  from  the  horns.  The  teeth  do 
not  afford  us  any  indication  as  in  the  horse  and  sheep..  In  the 
ox  about  the  fifth  year  there  is  a  ring  formed  about  the  root  of 
each  horn  ;  in  the  cow  this  ring  makes  its  appearance  after  the 
first  calving,  and  from  this  epoch  there  is  a  new  ring  formed 
each  year  which  pushes  on  the  former  one.  In  aged  animals 
these  rings  have  become  faint  and  can  scarcely  be  counted.  It 
is  also  evident  that  the  horns  which  in  early  life  were  thicker  at 
the  base  and  tapered  gradually  towards  the  tips,  about  the  ninth 
or  tenth  year  of  the  animal's  life  present  an  opposite  conforma- 
tion ;  they  exhibit  a  kind  of  constriction  at  the  roots.  The  de- 
pression above  the  eye  increases  v^th  age,  and  the  fake  hooves 
become  long  and  often  bent. 

Thaer  reckons  that  one  with  another,  in  well  regulated  esta- 
blishments, cows  will  continue  in  milk  for  about  280  days,  and 
yield  in  all  about  2265  pints,  or  283  gallons.  But  it  is  certain 
that  the  yielding  of  a  cow  varies  greatly  with  circumstances, 
race,  age,  climate  and  individual.  The  cows  that  graze  at  KberCy 
in  Southern  America  do  not  give  more  than  about  three  pinti 
of  milk  per  diem,  which  as  it  is  almost  wholly  ui^d  in 
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up  the  calf,  the  dairy  is  there  of  very  Uttle  Importance.  In  es- 
tablished farms  a  cow  is  reckoned  to  yield  about  40  lbs.  of 
cheese  per  annum.  Mr.  Curwen  estimates  the  quantity  of  milk 
at  6580  pints  or  822  gallons  per  cow ;  M.  Penuult  states  it  at 
but  2992  pints  or  374  gallons,  and  Mr.  Low  gives  the  quantity 
at  5994  pints,  or  749^  gallons.  The  differences  between  these 
several  quantities  are  obviously  enormous,  and  can  scarcely  be 
reconciled  with  any  conceivable  diversity  of  drcumstances.  They 
are  probably  connected  with  the  method  taken  to  ascertain  the 
quantities. 

The    following  table  comprises  the  whole  of  the  statements 
with  which  I  am  acquainted. 


At  Bechelbronn  we  have  seven  cows  whose  allowance  per  head 
is  33lbs.  of  hay  per  diem.  The  milk  is  measured  night  and 
morning,  and  the  quantity  given  by  each  cow  is  particularly 
notfd.  The  herd  consisted  of  RaflFalea  8  years  old,  whose  milk 
failed  the  21st  of  April,  and  reappeared  the  I8th  of  June  without 
her  having  calved;  La  Paysanne,  7  years  old,  whose  milk 
ceased  the  2l3t  of  February  and  she  calved  the  29th  of  April; 
Prima  Donna,  8  years  old;  milk  stopped  February  19th,  csJved 
December  5th;  Formosa,  9  yean  old;  ceased  milking  Ut 
April,  calved  2Dd  June  ;  La  Gitana,  6  years  old,  ceased  miUdng 
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80th  September,  calved  9th  November;  Gralatea,  6  years  old, 
ceased  milking  9th  July,  calved  2nd  October;  Bdle  et  Bofilie, 
11 1  years  old,  ceased  milkitig  the  15  th  February,  calved  3rd 
April.  These  seven  cows  gave  in  the  course  of  the  yrtr, 
neglecting  fractions,  30576  pints,  or  3822  gallons  of  milk.  In 
the  month  of  January  in  round  numbers,  1870  pints  ;  in  Feb- 
ruary 1260  pints;  March,  1260  pints;  April,  1657  pints;  Mar, 
2527  pints;  June,  3726  pints;  July,  4180  pints;  August, 
3661  pints;  September,  2913  pints;  October,  2622  pints; 
November,  2540  pints;  Deceml)er,  2360  pints;  having,  one 
with  another,  given  546  gallons  of  milk,  and  milked  on  an 
average  302^  days  each ;  the  entire  herd  having  milked  during 
2118  days,  and  the  average  quantity  yielded  by  each  cow  having 
been  14.6,  say  14^  pints  for  every  day  she  was  in  milk;  the 
quantity  for  each  day  of  the  year  amounts  to  about  11.9,  saj 
10  pints. 

Jyne,  July,  and  August  are  obviously  the  months  most 
productive  of  milk,  during  which,  the  cows  had  scarcely  any 
other  food  than  clover.  The  average  quantity  for  these  months 
was  undoubtedly  raised  from  three  of  the  cows  having  calved  in 
March,  April  and  May,  so  that  these  were  severally  giving  their 
largest  measures  during  the  three  summer  tnonths. 

It  may  be  enough  to  state  that  the  largest  quantity  of  milk  is 
obtained  in  the  course  of  the  three  first  months  afker  calving ; 
the  produce  then  will  amount  to  1 8,  20,  and  even  24  pints  per 
day,  whilst  the  mean  quantity  during  the  whole  time  of  millcing 
will  very  little  exceed  1 2  pints. 

The  observations  for  the  year  1842,  which  I  referred  to  some 
short  way  back,  showed  a  mean  of  14.6,  say  14  J  pints  of  milk 
for  each  cow.  But  in  the  mode  of  reckoning  pursued,  there 
were  sources  of  error,  which  have  been  avoided  in  the  estimates 
just  given.  The  only  mode  of  securing  accuracy  of  result  is 
to  take  the  quantity  of  milk  yielded  by  each  cow  between  the 
period  of  calving  one  year  to  the  same  event  the  following  year. 
This  mode  of  reckoning  gives  the  quantity  1 3  pints  per  day  for 
each  cow,  which  I  am  disposed  to  adopt  as  the  standard  for  the 
Swiss  breed,  fed  with  33  lbs.  of  good  meadow  hay  or  an  eqtttfa* 
I^i  in  wh61ed6m6  rootd,  &c.    I  am  Also  disposed  td  lodk  tipoa 
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3 1 0  as  the  mean  number  of  days  during  which  a  cow  will  give 
milk  after  calving. 

We  sometimes  see  quantities  of  milk  mentioned  as  given  by 
particular  cows  that  are  truly  surprizing,  and  that  seem  even 
calculated  to  excite  suspicion  of  the  veracity  of  the  reporters. 
Some  have  spoken  of  cows  that  gave  44  and  5  2^  pints  of  milk 
a  day  for  several  months.  Mr.  Crud  says  that  cows  of  great 
size  indeed  have  even  given  as  many  as  70.4  pints  in  twenty-four 
hours,  and  Thaer  goes  still  farther  when  he  states  that  persons 
worthy  of  every  credit  say  they  have  seen  cows  in  first-rate 
pastures,  which,  at  the  height  of  their  milking  time  produced  as 
many  as  from  74  to  82^  pints  of  milk  in  the  twenty-four  hours. 
Such  a  flux  of  milk  can  only  be  very  temporary,  and  indeed 
must  occur  but  very  rarely.  The  herdsmen  at  Bechelbronn 
have  often  diverted  me  with  tales  of  such  marvels ;  but  since  I 
have  accurately  gauged  the  dairy  produce  of  the  farm,  I  have  met 
with  nothing  which  would  lead  me  to  credit  their  reality.  We 
have  had  cows  indeed  which  have  given  26^,  and  even  3LJ 
pints  a  day  for  several  weeks ;  but  these  are  still  very  far  from 
the  quantities  which  have  been  mentioned  to  me. 

Good  feeding  is  undoubtedly  required  in  order  that  cows  may 
produce  milk  abundantly ;  but  I  believe  that  the  influence  of 
particular  kinds  of  forage  on  the  production  of  milk  is  often 
greatly  exaggerated.  Each  breeder  or  feeder  seems  to  have  his 
own  favourite  article,  however,  so  that  there  is  nothing  like 
uniformity  among  them ;  with  one  it  is  the  carrot  that  is  in  the 
ascendent ;  with  another  it  is  the  beet  that  is  supreme ;  there  is 
no  root,  in  fact  which  has  not  alternately  had  its  apologists  and 
detractors.  The  truth  lies  between  the  extremes  here  as  it  does 
in  so  many  other  instances ;  and  I  am  satisfied  that  each  and 
all  the  roots  and  other  articles  of  forage  that  are  generally  intro- 
duced into  the  ration  of  milch-kine,  are  calculated  to  produce 
abundance  of  good  milk ;  it  is  only  necessary  that  the  substances 
be  allowed  in  ample  quantity,  that  no  mistake  be  committed 
in  regard  to  the  nutritive  equivalents  of  the  several  articles.  I 
do  not  hesitate  to  add  that  the  opinions  of  the  generality  of 
fanners  and  dairymen  on  the  subject  are  based  on  observations 
which  are  alwftys  mord  or  less  imperfect. 
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It  IS  but  a  few  years  ago  that  a  series  of  experiments  werr 
undertaken  at  Bechelbronn  with  a  view  to  ascertain  whether  the 
particular  nature  of  each  of  the  several  articles  consumed  by 
milch-kine  influenced  the  quantity  or  chemical  constitution  of 
the  milk  in  any  appreciable  manner.  The  purpose  of  these 
inquiries  being  purely  practical, — ^having  been  undertaken  with  a 
special  eye  to  the  dairy  and  its  produce,  the  inquiry  was  conflned 
to  the  articles  that  are  usually  given  to  cows  with  us.  These 
necessarily  vary  with  the  season,  but  I  have  already  said  that  the 
dole  to  each  head  is  equivalent  to  33lbs.  of  meadow  hay,  whidi 
indeed  always  enters  in  considerable  quantity  into  the  raticH), 
whatever  else  be  given, — ^unless,  indeed,  the  animals  are  exda- 
sively  upon  green  meat,  when,  of  course,  the  use  of  everything 
else  is  suspended.  In  winter  the  hay  is  allied  with  beet, 
potatoes,  turnips,  or  Jerusalems.  In  spring  the  hay  is  gradually 
replaced  by  green  fodder,  which  in  the  first  instance  is  rye  cut 
green,  and  by  and  bye  dover.  The  experiments  which  I  shall 
now  detail  were  made  upon  a  cow  which  had  calved  two  himdred 
days  and  was  again  pregnant. 

1st  experiment. 

200   DATS   AFTBB   CALVIITO. 

The  cow  fed  on  hay  alone  gave  65.42  pints  of  milk  in  the 
course  of  seven  days,  or  9.34  pints  per  day.  This  milk  con- 
sisted of: 

Caseum 
Butter 

Sugar  of  milk 
Ash  of  caseum 
Water  . 


Solids  12.4 
87.7 


100.0 

2nd  experiment. 

207  DATS  ArrER  calting. 

Fed  with  turnips  and  cut  straw  (the  ration  consisting  of  tur- 
nips equal  to  29.7  lbs.,  and  straw  equal  to  3.3  lbs.  of  hay),  the 
same  cow  gave  in  the  course  of  eight  days  84.4  pints  of  milk, 
or  10.5  pints  per  day.     The  composition  of  this  milk  was : 
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Caseum        •  •  •     3.0 

Batter .        .  •  .4.2 

Sugar  of  milk  .  .     5.0 

Ash  of  caseum  •  .     0.2 

Water .         •  .  •  87.6 


6o:r 


SoUds  12.4 


100.0 

The  animal  discussed  her  provender  with  good  appetite,  but 
the  ration  was  too  large ;  about  1  libs,  of  the  turnips  being  left 
each  day  unconsumed. 

3rd  experiment. 

215    DATS   AFTKB   CALTING. 

The  ration  here  consisted  of: 

Field-beet,  an  equivalent  for  29.7  lbs.  of  hay. 
Chopped  straw  „  3.6 


»» 


In  the  course  of  fourteen  days  the  quantity  of  milk  obtained 
amounted  to  137-6  pints,  or  9.8  pints  per  diem,  and  was  com- 
posed as  below : 


Caseum 
Butter 

Milk  sugar  • 
Ash  of  caseum 
Water 


Solids  12.9 


87.1 
100.0 


4th  experiment. 

229    DATS   AFIBK  CALVING. 

The  ration  consisted  of: 

Raw  potatoes  equivalent  to  29.7  lbs.  of  hay. 
Chopped  straw         „  3-6         ,> 


In  the  course  of  eleven  days  the  cow  gave  96.1  pints  of  milk, 
or  at  the  rate  of  8.7  pints  per  day,  the  fluid  consisting  of: 


Caseum 
Butter 

Milk  sugar   . 
Ash  of  caseum 
Water 


.     3.41 

\     59  ^SoUds  13.5 

'.     0.2  J 


.  86.5 
100.0 


The  cow  did  not  do  weQ  upon  this  regimen ;  she 
heated,  and  refused  one-half  the  straw.  Id  a  general 
do  not  give  tubers  to  a  ^«at«r  extent  than  is  equivalent 
half  of  the  allowance  of  hay,  in  which  proportion  cows 
well  upon  raw  potatoes. 

5th  experihent. 

240  dats  aftbk  calvino. 

The  forage  here  consisted  of  the  full  allowance  of 
33  lbs.  In  the  preceding  experiment  the  milk,  whi 
hitherto  kept  up  to  from  about  9j  to  lOi^  pints  a  day, 
denly  to  little  more  than  8^  pints.  To  ascertain  whel 
fall  was  owiog  to  the  potato  regimen  or  not,  the  cow 
turned  to  the  ration  of  hay  under  which  in  the  I  at  exp 
the  daily  avenge  of  milk  was  9.3  pints.  In  the  ct 
thirty  days  188  pints  of  milk  were  collected,  at  the 
6.2  pints  per  day.  The  declension  in  the  quantity  ; 
consequently  cannot  be  ascribed  to  the  potatoes  whi( 
given  in  the  4th  experiment. 

6tH    EXPERIMENT. 

270    DftTB    AFTEK    CALVINQ. 

The  ration  here  was  raw  potatoes,  with  salt  and  stra 
ration  of  the  fourth  experiment,  with  the  addition  oi 
2^  oz.  of  salt.  The  animal  ate  this  salted  ration  with  a] 
she  also  made  away  with  the  whole  of  the  chopped  stn 
it  agreed  well  with  her;  nevertheless,  the  milk  contii 
decrease  in  quanti^ ;  it  had  fallen  off  to  5.9,  say  6  pints 

7th  expeeiment. 

S90    DAT!    ArtBB    CAIiTINO. 

In  this  trial  the  ration  cotisisted  of  Jerusalem  potatoes 
lent  to  33  lbs.  of  hay,  under  which  the  milk  may  be 
have  remained  stationary,  though  it  was  above  rather  thai 
the  6  pints  per  diem,  as  in  the  6th  experiment  In  a 
tion  it  was  as  follows : 


Ca^om 
Butter 

Sugar  of  milk 
Ash  of  caseum 
Water 

MILCH-KINB. 

.     8.8 
•     3.5 
.     5.5 
.     0.2 

.  87.5' 
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acdidft  1&.5 


100.0 

The  quantity  of  the  milk  bad  obviously  decreased  from  the 
first  down  to  the  two  last  experiments ;  but  its  chemical  constitu^ 
tion  does  not  appear  to  have  varied  during  the  entire  course  of  the 
trials ;  the  varied  regimen  has  h&d  no  influence  on  the  proportions 
in  which  its  several  ingredients  are  encountered.  But  there  was 
still  one  point  to  be  ascertained,  viz  :  whether  the  milk  secreted 
very  shortly  after  the  delivery  differed  from  that  which  was  fbrOied 
at  a  period  remote  from  that  epoch. 

8th  experiment. 

A  cow  which  bad  calved  twenty-four  days  before,  and,  upon  a 
mixed  regimen  of  hay  and  green  cloverj  was  giving  at  the  rato 
of  18.6  pints  of  milk  a-day,  was  brought  under  observation. 
Analysis  showed  this  milk  to  consist  of : 


Caseum 
Butter  . 
Sugar  of  milk 
Ash  of  caseum 
Water 


SoHds  11.3 


100.0 

9th  experiment. 

35    DATS    AFTER   CALYINO. 


The  same  cow,  upon  green  dover,  was  now  produdng  31.t 
pints  of  milk  a-day,  and  of  the  following  composition : 


Caseum 
Butter 

Sugar  of  milk 
Ash  of  caseum 
Water 


Solids  13.2 


100.0 

This  milk  evidently  presents  a  larger  quantity  of  butter  than 
appears  in  any  of  the  preceding  analyses.     But  no  hasty  con- 
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dusion  must  be  drawn  from  this ;  for  the  succeeding  expoi- 
ments  will  exhibit  a  change  equally  sudden  in  the  proportion  of 
the  fatty  element,  but  in  a  different  way. 

In  a  second  series  of  experiments  I  set  myself  the  task  rf 
ascertaining  whether  green  fodder  had  any  such  remarkable 
influence  on  the  production  of  milk,  and  especially  of  its  fttty 
element,  or  butter. 

1st  experiment. 

BEGUN    176    DATS   AFTKB   THE    CALVING. 

The  ration  here  consisted  of  articles  of  winter  fodder  : 

Potatoes  equivalent  to  16.5  lbs.  of  hay. 
Hay  ,,  16.5  „ 

Upon  which  the  cow  had  long  been  kept,  though  the  milk  was 
only  measured  during  the  last  six  days.  The  quantity  was  1 6.3 
pints  a-day,  and  consisted  of: 


Solids  13.5 


Caseum         .         • 

•    3.3 

Butter 

.     4.8 

Sugar  of  milk 

.     5.1 

Ash  of  Caseum     . 

.     0.3 

Water 

.  86.5 

100.0 

2nd  experiment. 

182    DATS   AFTER   TBK    CALYIKG. 

Mixed  regimen  :  Green  clover  equivalent  to  16.5  Ibe.  of  hay. 

Hay  „  16.5  „ 

Upon  which  the  quantity  of  milk  w  as  at  the  rate  of  1 7  pints 
a-day. 

3rd  experiment, 

193    DATS    AFTER   TBB    CALVING. 

Green  meat :  Clover  equivalent  to  33  lbs.  of  hay. 

Quantity  of  milk,  17.2  pints  a-day,  composed  of: 


MILCII-KINE. 

Caseum         .  .  .4.0 

Batter  .  .  •     2.2 

Sugar  of  milk  .  •    4.7 

Ash  of  caseum  •  •     0.3 

Water  •  .  .  89.7 
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Solids  11.2 


100.0 

llie  small  quantity  of  butter  here  induced  me  to  repeat  the 
analysis^  but  the  result  came  out  very  nearly  the  same,  the 
quantity  bemg  still  but  2.35  per  100. 

4th  experiment. 

204  DATS  AFTER  THE  CALYINO. 

Green  fodder :  same  quantity  as  before. 

Milk  per  day  13.7  pints,  composed  of: 


Caseum         • 
Butter 

Sugar  of  milk 
Ash  of  caseum 
Water 


.     3.7i 
.     3.5 
.     5.2 
.     0.2 

.  87.4 

100.0 


SoUds  12.6 


It  would  therefore  appear  that  fresh-cut  clover  has  no  such 
vutue  as  that  of  increasing  the  quantity  of  milk  given  by  cows. 
Under  the  winter  fare,  in  fact,  the  milk  produced  in  the  course 
of  the  twenty-four  hours  amounted  to  16.7  pints  ;  under  green 
clover  it  was  but  14.9  pints.  It  would  be  a  great  mistake, 
however,  as  I  conceive,  to  ascribe  the  diminution  here  to  the  use 
of  the  green  forage ;  it  is  due,  I  apprehend,  exclusively  to  the 
greater  length  of  time  that  has  elapsed  since  the  period  of 
calving. 

The  chemical  composition  of  the  milk  varied  little,  as  I  have 
already  incidentally  remarked  in  the  course  of  these  experi- 
ments. The  differences  in  respect  of  the  caseum,  by  which  let 
me  say  I  understand  the  whole  of  the  azotised  constituents, 
the  whole  jlesh  of  the  milk,  rarely  exceed  one-hundredth  part. 
The  proportion  of  the  fatty  element  varies  suddenly,  and  as  it 
seems,  independently  of  the  various  circumstances  in  which  the 
cows  are  placed. 

The  general  inference  from  these  experiments,  then,  is  that 
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the  nature  of  the  food  does  not  exert  any  marked  influenc 
the  quantity  and  chemical  constitution  of  the  DiUk  (I  do  nol 
speak  of  the  quality  of  the  fluid)  if  the  cows  but  receivi 
proper  nutritive'  equivalents  of  the  several  sorts  of  prove 
It  is  of  great  importance  to  insist  on  this  point ;  for  it  is 
certain,  that  if  the  weight  of  the  several  rations  be  not  calci 
according  to  that  of  the  equivalents,  variations  in  the  sea 
of  milk  would  be  forthwith  conspicuous  ;  but  then  these  < 
tions  would  have  the  increase  or  diminution  of  the  prov 
allowed  as  their  cause. 

When  cows  are  kept  through  the  winter  upon  straw  i 
they  cease  to  give  milk ;  hut  on  the  return  of  green  forag 
the  spring,  the  secretion  is  restored.  The  re-appearance  o 
milk  in  this  case,  however,  is  not  connected  with  the  comii 
of  the  fresh  provender,  hut  with  the  return  of  plenty ;  th( 
mak  are  not  only  fed,  from  having  been  starved,  but  they  are 
than  fed ;  they  have  something  to  spare  which  their  ecoi 
turns  partly  into  milk. 

In  well  managed  establishments,  where  a  good  systei 
husbandry  secures  an  abundant  supply  of  good  nutritive 
vender  to  the  catUe  during  winter,  the  produce  of  the  ' 
during  this  season  diffei's  much  less  from  that  of  the  sun 
than  is  generally  supposed.  I  am  besides  persuaded  tha 
estimate  the  nutritive  powers  of  green  forage  at  too  low  a 
and  that  when  cattle  are  upon  wet  clover  or  lucem,  they  a 
fact  much  more  effectually  nourished  than  uoder  ordimiy 
cumstances. 

If  it  be  true,  as  it  evidently  is  that  the  qxiantity  of  milk 
duced  depends  especially  upon  the  absolute  quantity  of  nub 
ff>od  consumed,  it  is  not  so  with  the  quality  of  the  fluid. 
undeniable,  that  the  milk  of  spring  and  summer,  formed  i 
green  and  succulent  food,  is  much  more  palatable  than  ths 
the  winter  season ;  the  butter  is  also  much  finer  and  better 
voured.  The  green  herbs  of  our  pastures  undoubtedly  coi 
volatile  principles  which  are  dissipated  and  lost  in  the  proo 
of  drying  and  fermentation  which  they  undei^  in  thdr  coi 
sion  into  hay.  If  chemistry  be  powerless  in  seizing  such  {» 
pies,  it  still  informs  us  of  the  possibility  of  iotroduciiig  a  va 
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pf  articles  into  the  food  of  cow9  which  hove  tbo  proj^y  of 
communicating  those  qualities  which  we  prize  m  mOk*  In  idl 
grazing  couptries  certain  vegetables  are  pointed  out  as  giving  in 
the  vulgar  opinion,  a  particular  aroma  to  the  flavour  of  milk. 

§.    FATTENING   OF  CATTLK. 

Under  a  parity  of  circumstances,  feeding  cattle  for  the 
butcher  may  occasionally  be  found  more  advantageous  than  the 
dairy  to  the  farmer.  In  feeding  for  the  market  there  is,  in  the 
first  place,  a  quicker  return  for  the  outlay,  than  in  keeping  milch- 
kine  through  the  whole  of  the  year.  In  the  first  operation,  the 
capital  is  realized  at  the  end  of  four  or  five  months ;  that  which 
is  employed  in  producing  milk,  and  butter,  and  cheese,  is  always 
lying  out,  like  a  sum  at  interest. 

The  quantity  of  food  requisite  to  bring  cattle  intended  for  the 
butcher  into  condition,  does  not  vary  less  than  that  which  is  re- 
quired to  secure  a  plentiful  production  of  milk.  Thus  the 
stature,  the  age,  the  race  of  the  individual,  and  the  relative  pro* 
portions  of  flesh  and  fat  which  we  would  have  laid  on,  all  imply 
vai-ied  doles  of  various  kinds  of  forage.  The  age  in  especial 
has  to  be  considered ;  for  in  putting  up  a  young  animal  to  fatten, 
we  have  both  flesh  and  fat  to  form.  This  is  what  always  occurs 
in  the  fatting  of  oxen  of  two  years  old,  and  of  pigs  of  ten  or 
eleven  months.  The  increase  in  living  weight  experienced  at 
various  ages  is  not  equally  owing  to  accumulation  of  fat ;  this 
indeed  may  be  so  in  the  case  of  beasts,  the  muscular  system  of 
which  has  already  attained  complete  development,  but  it  is  other- 
wise with  young  and  still  growing  animals. 

Practice  does  much  in  enabling  us  to  select  the  animals  that 
will  fatten  readily.  In  a  general  way  it  is  well  to  choose  young 
animals  that  have  a  large  chest,  the  body  bulky  and  rounded, 
the  ribs  finely  arched,  the  bones  small,  the  limbs  short,  the  neck 
thick  for  its  length,  the  skin  soft,  pliant,  velvety  to  the  touch, 
and  moveable  over  the  body,  particularly  over  the  ribs,  the  tail 
should  be  scanty,  the  buttocks  not  deeply  deft,  but  fleshy — well 
breeched^  as  the  phrase  runs  in  some  districts.  The  look  of  the 
anim  al  should  be  sharp  and  bold ;  the  horns  slender,  whiti^^ 


til4 


FATTEN  ING, 


and  rather  transparent.     The  animal  must  have  been  cut 
be  was  still  at  the  teat. 

The  celebrated  English  breeder,  Robert  Bakewell,  sua 
after  a  long  and  troublesome  course  of  experiments,  in  ci 
a  race  of  neat-cattle  and  of  sheep  which  show  themselves 
ciilarly  disposed  to  take  on  hi.  The  fundamental  pri 
estabUshed  by  Bakewell,  after  all  his  experience,  are  these 
smallness  of  bone,  fineness  of  skin,  and  cylindrical  sli 
body,  arc  the  surest  indications  in  cattle  of  the  disposition 
on  fat  readily,  and  upon  the  smallest  quantity  of  proi 
The  most  striking  features  in  the  breed  obtained  by  Ba 
ci>mmonly  known  as  the  Dishley  breeds  may  be  summed 
the  following  terms : 

I  St.  The  animal  low  on  his  1^. 
2nd.  Tlie  back-bone  straight. 
3ril.  The  carcass  rounded  and  almost  cvlindricaL 
4  th.  The  chest  deep  and  large. 

An  ox  is  held  to  have  grown  rapidly  and  well,  when 

age  of  three  years  he  weighs  firom   1016  to  1051,  from 

75  stone  avoirdupois.     The  disposition  to  fatten  younz  ia 

prwious  quality  in  the  beast  which  it  is  intended  lo  brins 

the  butcher;  the  fet^ler  comes  the  sooner  at  his  return.    : 

tiuuks.  that  independently  of  good  constitucicn.  which  L: 

pensablo.  this  quality  is  derived  especially  from  nict^kness 

position,  trom  gvvvi  temper :  and  as  dccilir."   is    :or::eri 

result  of  gvx?d  tn?atmect  in  eariy  life,  youcz  anisuls  •?- ^tir 

to  be  treated  with  civa:  centlentss  and  niide  wrteci\  ti: 

Tne  different  nets  do  no«  all  yield  ir.ea:  of  :>.-*  sooie  i 

and  this  qu::e  independently  of  ace.     The  l>:s:  n-irar  hjs 

decided  and  characcensrlo  fiavcur  after  L:  is  dri^sievi.  w- 

ferent  meat  winrs,  cr  which  is  replaced  by  i  Su.vcur  ih 

gT2»iinc  richer  than  a^e-ible.     The  fiz  iz  :he  Sf^sc  nitfat 

as  Niic^Iaid  en  sup^rr.viilly.  is  cijcribc:ec:rr:'V.cti  rr.e  ss 

oc  u«  m'vssoln^s^  s?  xs  t-^  *r.ve  the  desh  i  r^irrloi  i3c>fan 

In  tiRecic:^  C3z;le.  it  is  p^frfars  ct  c:«:r.'  inixictizc* 

gxonnl  ftwcEz^,  tbic  the  pcovecoer  shccii  bv  ciscrSutt 

hA\ ;  puncy  c£  sed  titter,  azai  the  £ru:esc  a£r«;'ic3ca  ts 

aU  BODetiaQy  iax  iictniD^.     The  orv^cccs^   cosifa 
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dark,  and  quiet ;  in  a  word,  all  the  conditions  ought  to  be  com- 
bined which  conduce  to  sleep,  and  secure  freedom  from  disturb- 
ance of  every  description. 

The  age  at  which  cattle  fatten  most  readily,  is  that  of  from 
7  to  8  years.*  Animals  under  this  age,  which  have  not  yet  come 
to  their  full  growth,  will  nevertheless  get  into  excellent  condition ; 
but  they  require  both  longer  time  and  more  food,  for  the  reason 
apparently  that  they  are  still  forming  both  flesh  and  fat. 

In  fattening  during  winter  which  is  done  almost  exclusively 
with  hay  in  some  countries,  an  ox  weighing  748  lbs.  upon  40  lbs. 
of  hay  per  diem,  will  increase  by  about  2  lbs.  daily.  According 
to  Mr.  Low,  an  ox  weighing  770  lbs.,  and  consuming  about 
2223  lbs.  of  turnips  per  week,  if  he  thrive,  will  gain  in  the  same 
space  of  time  nearly  a  stone  in  weight.  Admitting  that  the 
equivalent  nimiber  for  turnips  is  676,  I  find  that  the  ration  of 
hay  for  this  allowance  comes  out  47.8  lbs.,  having  produced 
exactly  2  lbs.  of  increase. 

In  the  information  obtained  in  the  Rhenish  Provinces  by 
M.  Moll,  in  regard  to  the  fattening  of  cattle  under  the  influence 
of  a  regimen  which  would  give  1 1  lbs.  of  hay  to  every  100  lbs. 
of  dead  weight,  the  animal  will  increase  one  third  in  weight  in 
the  coiurse  of  three  or  four  months. 

To  these  general  results  I  add  a  few  particular  facts,  which  are 
indeed  the  only  data  in  rural  economy  that  can  ever  be  received 
as  having  much  value. 

In  a  series  of  experiments  which  he  undertook,  Mr.  Robert 
Stephenson  proposed  to  compare  the  progress  of  the  increase  in 
weight  of  oxen  upon  different  alimentary  regimens.  Starting 
with  the  principle  which  we  have  already  established,  that  ani- 
mals oonsimie  a  quantity  of  food  in  proportion  to  their  weight 
or  size,  when  they  are  under  the  same  conditions,  he  had  of  course 
to  divide  his  stock  into  several  lots,  each  made  up  of  animals 
of  as  nearly  as  possible  the  same  weight.  Oxen  of  two  years 
old,  brought  up  on  the  same  &rm,  and  kept  in  the  same  manner, 
were  the  subjects  of  experiment.  I  shall  select  one  experiment, 
in  which  the  observations  were  made  upon  three  lots  of  six 

*  This  is  as  in  the  original,  and  may  be  true ;  but  in  England  and  Scot* 
land  we  have  seldom  an  opportunity  of  proving  it  so.— £no.  En. 

R  R 
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beasts  each.  The  weight  of  each  lot  was  ascertained  befoi 
after  the  ezperimeal  which  was  carried  od  for  119  days. 

The  first  lot  was  put  upon  white  turnips,  linseed  oil 
beans,  and  oats ;  and  for  the  last  24  days  each  beast  had  i 
iii  potatoes  eveiy  day  in  addition. 

The  second  lot  was  fed  Uke  the  first,  with  this  difiereno 
it  had  no  cake,  and  that  during  the  last  24  days  the  quan 
potatoes  allowed  was  but  10  lbs.  per  diem. 

The  third  lot  had  no  other  provender  than  turnips. 

Here  are  the  weights  and  the  nature  of  the  provender 
sumed  by  the  animals '  during  the  119  days,  with  a  a 
added  containing  the  equivalent  in  hay  corresponding  witt 
of  the  articles  consumed : 

iMt  I.  Lot  II.  Lot  III. 

&qDlv«|eii|  EmilnlHt  EqDlT«l««t 

Pnnndtr.       Welfht  In  biy  Wdahl  la  hay  Wdght       In  hsr 

In  ib*.  In  Ibf.  Id  lb).  la  Hit.  In  lE^         Id  lb*.      ■ 

White  tuniipB     1518       171.6       1628         164.8     1122       127 
Swedes      .     .  13336     1973.4     13384.8  1980      12012     1777.6 
i56     1559.8         368       1559  „  „ 


Oilcake 
OatB  . 
Potatoes 


1768 

173       279  173         279 

479       151  239.8       77 


Rotionezpressedm  hay  5904  3971  1905 

%'^S.''"}    «■'  "•»  "■» 

Hay  per  100  of  the  1  ^  „,  3  (,3  j^ 

living  wdght    .     ,  / 

It  therefore  plainly  appears  that  the  lot  which  had  the  la 
allowance  of  provender,  the  food  which  conttuned  the  gn 
quantity  of  azotised  principles — of  fiesk  in  feet,  producec 
largest  amount  of  dead  weight  in  a  given  time,  and  that  th 
which  had  the  shortest  allowance  increased  in  the  sm 
measure  both  in  flesh  and  fat,  results  which  might  have 
readily  foreseen.  It  is  also  apparent,  from  the  table,  th) 
proportion  to  the  nutritive  value  of  the  articles  consumed  by 
lot,  the  increase  in  carcass  weight  was  greatest  in  that  v 
received  its  allowance  in  the  least  bulk.  Thus  reducing 
different  rations  to  a  standard  forage,  we  find  that  in  the 
lot,  which  was  most  plentifully  supplied,  100  of  hay 
4.2  of  increased  weight,  whilst  the  same  allowance  of  hay 
duced  6  m  the  third  lot  which  was  fed  most  parsimonio 
This  feet  is  most  readily  explained :  over  a  certiun  limit. 
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more  food  an  animal  receives,  the  smaller  is  the  fraction  which  is 
assimilated  and  turned  to  use  in  the  body.  Breeders  have  conse- 
quently discovered  that  it  is  by  no  means  generally  advantageous  to 
push  animals  beyond  a  certain  point  of  fatness.  The  excess  of 
weight  which  is  obtained  with  the  assistance  of  quantities  of  food, 
exaggerated  as  it  were,  no  longer  compensates  for  the  additional 
expense  incurred.  This  is  a  circumstance  which  Mr.  Stephen- 
son's experiments  also  illustrate,  and  indeed  they  led  him  to  the 
conclusion  which  has  just  been  stated.  Judging  by  the  market 
price  of  the  several  articles  of  provender  employed  by  this  dis- 
tinguished breeder,  the  first  lot  appears  to  be  that,  the  fattening 
of  which  turned  out  the  least  advantageously :  whilst  each 
pound  weight  of  flesh  produced  here,  cost  about  5d!,  the  price  of 
production  in  the  second  lot  did  not  much  exceed  4rf.  (4-gth)  in 
the  third  it  was  a  little  more  (4iths). 

With  these  observations  of  Mr.  Stephenson  we  find  the 
following  numbers  to  express  the  daily  increase  in  weight  of  the 
cattle  during  the  period  of  fattening : — 

Average  weight  of  Hay  conaiuned  per  IncretM  per  head  Increase  per  day 

the  oxen  before  day  and  per  head.            in  119  daya.  and  per  head, 
fattening. 

Ibt.                               Ibi.                              iba.  Iba. 

Istlot  .1116  49.7  247.6  2. 

2nd,,   .  1016  34.3  231.6  1.9 

3rd,,    .     794  16.  112.6  0.9 

The  weight  of  the  several  animals  must  also  be  taken  into 
acdount  in  seeking  to  estimate  the  increase  realized  upon  every 
100  lbs.  of  live  weight  during  the  fattening. 

In  the 

1st  lot.  100  of  live  weight  in  119  days,  gained,  22.2 
2nd,,       „  „  22.8 

3rd  „       „  „  14.2 

It  is  seldom  that  cattle  are  fattened  in  the  house  upon  clover 
or  lucern  in  the  green  state ;  nevertheless  animals  will  fatten 
upon  this  forage  with  great  rapidity.  An  ox  will  eat  as  much 
as  1  cwt.  of  clover  cut  in  flower  in  the  course  of  the  day.  In 
case  the  green  food  should  relax  the  bowels  too  much,  a  fraction 
of  the  allowance  may  be  given  dried,  and  towards  the  end  of  the 

R  R  2 
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fattening  a  little  cake  may  be  given.  But  these  additions  do 
not  appear  to  me  indispensable ;  they  are  always  attended  with 
additional  cost,  and  I  have  frequently  seen  cows  upon  green 
clover  at  discretion,  acquire  a  remarkable  degree  of  fatness, 
although  they  had  not  ceased  to  be  regularly  milked. 

In  those  countries,  the  nature  of  whose  climate  is  favourable 
to  pasturage,  the  rearing  of  cattle  presents  immense  advantages; 
but  the  animals  can  only  be  fattened  in  those  that  are  the  most 
fertile.     The  meadow  that  suffices  for  the  growth  and  keep  of  a 
bullock,  will  not  always  bring  the  animal  into  condition  for  the 
butcher.     Those  countries  where  the  climate  is  moist,  but  long 
droughts  rarely  felt,  where  neither  the  summer   heats  nor  the 
winter  colds  are  excessive,  the  conditions,  in  fact,  which  are  met 
with  in  the  beautiful  pasture  lands  of  England,  in  especial,  are 
those  that  prove  most  favourable  to  the  rearing  and  feeding  of 
cattle.    The  pasture  lands  of  Normandy  and  Britanny  in  France, 
of  Switzerland,  Holland,  several  of  the  provinces  watered  by  the 
Rhine,  &c.  are  also  remarkable  for  their  luxuriant  herbage.     In 
such  situations  and  with  such  advantages  the  grand  object  with 
the  farmer  is  the  production  and  fattening  of  cattle.     Whenever 
it  has  been  possible    to   lay    down    extensive    and    productive 
meadows,  it  is  now  beginning  to  be  clearly  understood  that  the 
introduction  of  even  the  best  system  of  rotation  were  to  make 
a  false  application  of  agricultural  science.     In  my  opinion,  there 
is  no  system  of  rotation,   however  well  conceived   and  carried 
out,  which  will  stand  comparison   in   point  of  productiveness 
with  a  natural  meadow  favourably  situated  and  properly  attended 
to.     The  reason  of  this  is  obvious,  and  follows  from  the  very 
principles  which  we  have  laid  down  in   treating  of  rotations. 
The  whole  object  in  the  best  system  of  husbandry  is   to  make 
the  earth  produce  the  largest  possible  quantity  of  organic  matter 
in  a  given  time.     But  in  such  a  system  we  are  limited  by  the 
climate,  inasmuch  as  we  are  obliged  so  to  arrange  matters  that 
our  crops  shall  always  attain  to  complete  maturity ;  the  conse- 
quence   of  which  is,  that  with  all  our  pains  the  soil  remains 
unproductive   during  a  certain  number  of  weeks  and  months 
towards  the  end  of  autumn,  in  the  early  spring  and  through  the 
whole  of  the  winter.     But  upon  meadow  lands  vegetation  is 
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incessant ;  the  winter  even  does  not  interrupt  it  completely ;  it 
still  revives  and  makes  progress  on  the  bright  days ;  and  in  the 
spring  it  proceeds  when  the  mean  temperature  is  but  a  few 
degrees  above  the  freezing  point  of  water,  and  never  ceases  until 
it  is  checked  again  by  the  severer  cold  of  winter.  It  is  therefore 
easy  to  obtain  conviction  that  a  given  surface  of  meadow  land 
must  necessarily  produce  a  larger  quantity  of  forage  than  land 
laid  out  in  any  other  way.  It  is  true  that  the  forage  thiis 
obtained  will  not,  like  the  cereal  grasses,  answer  immediately  for 
the  support  of  man  ;  but  it  nevertheless  concurs  powerfully  in 
this  by  producing  milk,  and  butter,  and  cheese,  and  in  breeding 
and  fattening  cattle ;  let  there  be  added  to  all  these  advantages 
of  what  may  be  called  a  permanent  vegetation,  that  the  cost  of 
keeping  it  in  order  is  infinitely  less,  and  that  there  is  no  risk  to 
be  run  from  failures  of  crops,  and  the  vast  advantages  of  meadow 
or  pasture  land  will  meet  us  with  all  their  force. 

On  the  banks  of  the  Elbe,  in  Holland,  in  the  neighbourhood 
of  Amheim,  the  meadows  are  depastured  during  one  year,  and 
cut,  and  their  produce  made  into  hay  the  following  year,  and  so 
on  alternately.  The  cattle  are  fed  in  the  house  with  the  hay 
during  the  winter.  They  are  driven  out  into  the  pastures  in 
May.  In  the  Low  Countries,  it  has  been  found  that  to  fatten  a 
large  ox  a  surface  of  meadow  land  of  about  9960  square  yards, 
upon  which  he  will  pasture  during  five  or  six  months,  was  neces- 
sary. In  the  bottoms  of  greatest  fertility  near  Dusseldorf  it  has 
been  calculated  that  to  keep  a  cow  an  extent  of  surface  equal  to 
about  1 800  square  yards  was  necessary. 

In  countries  which  possess  rich  pasture  lands,  oxen  are  put  to 
fatten  immediately  upon  the  richest  of  them.  In  the  valley  of 
the  Auge,  in  Normandy,  these  meadows  are  designated  as 
herbages.  A  meadow  of  this  kind  requires  a  rich  damp  soO, 
capable  of  retaining  moisture.  It  is,  therefore,  to  a  considerable 
extent  dependent  upon  its  subsoil.  In  the  district  mentioned, 
the  soil  of  the  pastures  consists  of  a  thick  layer  of  vegetable 
mould  resting  upon  clay  ;  it  is  therefore  very  rare  that  this 
meadow  land  feels  the  effect  of  drought ;  it  is  indeed  only  in 
the  early  spring  that  the  pasture  upon  such  lands  sometimes 
fails,  in  which  case  the  stock  must  of  course  be  assisted  with 
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hay,  the  quantity  being  gradually  diminished  as  the  season  adr 
vapces, 

M.  Dubois  finds  that  a  lean  ox  weighing  473  lbs.,  after  fatten- 
ing in  the  valley  of  the  Auge,  will  weigh  763  lbs.,  so  that  he 
will  have  gained  290  lbs. ;  the  degree  of  fatness  attained  in  this 
district  is  often  prodigious.  M.  Dubois  mentions  oxen  whidi 
weighed  when  fat  1760  lbs.,  upwards  of  125  stone,  and  he 
speaks  of  one  which  attained  the  enormous  weight  of  2750  lbs., 
upwards  of  196  stone. 

The  height  of  the  oxen  fattened  in  the  herbages  of  the  Auge 
varies  from  4  fl.  7  in.  to  5  ft.  3  in.  measured  at  the  haunch ; 
when  thoroughly  fat  the  four  quarters  will  weigh  from  550  lbs. 
to  990  lbs.,  the  hide  will  weigh  from  70  lbs.  to  11 6  lbs.,  and 
they  will  yield  from  100  lbs.  to  150  lbs.  of  tallow. 

It  is  calculated  that  on  the  meadows  of  greatest  fertility,  a 
surface  of  2760  square  yards  are  required  to  fatten  a  large  ox; 
on  meadows  of  medium  fertility,  a  surface  of  4680  square 
yards  are  required  to  fatten  an  ox  of  medium  size ;  on  those 
of  the  third  quality,  a  surface  of  3720  square  yards  is  deemed 
necessary  to  fatten  a  small  ox. 

M.  Dubois  calculates  the  quantity  of  green  fodder  consumed 
by  an  ox  during  the  eight  months  when  he  is  fattening  as  equi- 
valent to  6600  lbs  in  dry  hay  ;  this  at  least  is  the  quantity  that 
the  extent  of  meadow  required  to  fatten  one  ox  would  produce. 
The  average  ration  of  green  forage  per  diem  is,  therefore,  equiva- 
lent to  about  27  lbs.  of  hay,  a  quantity  which  appears  small,  and 
which  would  be  so  in  effect,  were  not  the  oxen  kept  so  long  in 
the  meadows.    M.  Dubois  indeed  observes  that  in  the  stall,  with 
a  ration  composed  of  from   1 1  lbs.  to  1 3  lbs.  of  linseed  oil-cake 
and  26  lbs.  of  hay,  an  ox  will  become  sufficiently  fat  for  the 
butcher  in  seventy  days,  and  will  acquire  nearly  the  same  weight 
that  he  w^ould  have  gained  in  thp  course  of  seven  or  eight  months 
in  the  meadows.  There  is  nothing  surprising  in  this  fact  inasmuch 
as  the  ration  mentioned  by  M.  Dubois,  in  our  mode  of  \uewing  it, 
is  equivalent  in  nutritive  value  to  at  least  8 1  lbs.  weight  of  hay ; 
the  quantity  of  oil-cake  alone  is  enough  to  supply  a  good  poimd 
weight  of  fat  per  diem. 

In  old  Friesland  where  the  pastures  are  excellent,  results  arc 
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obtained  which  may  be  compared  with  those  of  the  meadows  in 
the  valley  of  the  Auge;  an  ox  of  from  770  lbs.  to  990  lbs. 
weight  will  be  pushed  to  a  weight  of  from  1 100  lbs.  or  1 650  lbs. 
on  a  surface  of  meadow  land  between  3000  and  3600  square 
yards  in  extent. 

In  the  meadows  of  the  Auge  the  fattening  goes  on  even 
during  the  winter ;  the  oxen  are  received  into  the  pastures  be- 
tween the  15  th  of  September  and  the  15  th  of  November,  and 
the  animals  pass  the  winter  in  the  opep  field ;  but  they  receive 
from  12  lbs.  to  26  lbs.  of  hay  per  diem  until  the  month  of 
April,  when  the  grass  has  already  grown  sufficiently  to  suffice 
for  their  keep.  These  oxen  are  generally  fat  and  ready  for  mar- 
ket in  July. 

In  these  observations  of  M.  Dubois  the  fattening  has  refe- 
rence to  the  neat  weight  of  the  carcass,  sinking  the  gflfal,  as  it  is 
said,  or  estimating  the  weight  by  the  quarter.  The  most  es- 
teemed quarters  are  the  hipd  quarters,  which  are  found  to  weigh 
rather  less  than  the  forequarters,  although  the  difference  is  less, 
the  higher  the  condition  of  the  animal. 

It  is  long  since  various  means  have  been  devised  for  ascer- 
taining the  neat  weight  of  a  living  animal,  or  in  other  words 
the  weight  which  the  carcass  will  have  when  it  has  been  em- 
boweiled,  flayed,  and  the  head  and  fat  cut  off.  These  various 
parts  C/Ompose  what  is  called  the  offal.  It  is  readily  to  be  con- 
ceived that  one  grand  feature  in  the  excellence  of  'an  ox  must 
consist  in  the  great  relative  weight  of  the  carcass  properly  so 
called  in  comparison  with  the  offal ;  but  it  may  easily  be  ima- 
gined also  that  the  relations  in  the  weight  of  these  two  different 
portions  of  the  living  animal  will  vary  according  to  the  state  of 
fatness  and  also  according  to  the  breed  and  the  age  of  the 
beast. 

Mr.  Anderdon  has  found  that  an  ox  which  is  not  absolutely 
lean  will  give  for  every  1 00  lbs.  of  his  absolute  weight  : 

Of  marketable  meat        .         .         .         .         53^  lbs. 
An  ox  somewhat  fatter  will  yield      .         .         55       „ 
And  one  completely  fat  as  many  as  .         .         61.i*tf  „ 

Mr.  Lavton  Coke's  estimate  is : 


.^'.11 
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For  a  lean  ox  .        .        60  per  cent,  of  marketable  meat. 

For  anoxia  middling  condition  65  ,. 

And  for  a  fat  ox        .         .         73  „ 

These  estimates  appear  to  me  exaggerated,  and  I  much  doubt 
from  the  sales  of  cattle  which  we  make  ourselves,  whether  tber 
would  readily  be  admitted  by  the  buyers ;  they  are  in  fact  too 
high  as  regards  the  available  meat. 

From  a  great  number  of  actual  trials  made  with  anin^  of 
about  two  years  old,  and  which  were  all  as  nearly  as  possible  in 
the  same  condition,  Mr.  Stephenson  was  enabled  to  determine 
with  great  accuracy  the  actual  weight  of  the  butcher's  meat  in 
contrast  with  the  entire  weight  of  the  animal.  Mr.  Stephenson 
comes  to  the  following  conclusions : 

Butcher's  meat  per  cent.    .        .        .  57.7 

TaDow 8.0 

The  hide 5.5 

The  entrails  and  oflkl        .        .        .  28.8 

100.0 

The  precise  quantities  of  marketable  meat  and  of  oflal  have 
also  been  determined  by  Mr.  Mallo  in  an  ox  of  the  Durham 
breed  which  was  slaughtered  in  his  presence.  Tlie  weight  ol 
the  animal  on  its  feet  was  1496  lbs. 


The  2  fore  quarters  weighed 

The  2  hind 

The  skin 

The  tallow     . 

Tlie  blood       . 

The  head,  fat  and  entrails 


1496.0  100.0 


These  relations  as  to  meat,  tallow  and  skin  agree  in  a  ven 
considerable  measure  with  the  estimates  of  Mr.  Stephenson. 

Sir  John  Sinclair  gives  the  following  numbers  as  the  result: 
obtained  in  connexion  with  an  ox  of  the  Devonshire  bree^ 
slaughtered  at  the  age  of  3  years  and  10  months. 
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Weight  of  the  living  animal,  1549.6  lbs. 


Butcher's  meat,  the  four  quarters 
'I'he  skin         .... 

Tallow 

Entrails  and  blood    . 

lbs.       Per  centage  of 
the  Uve  w-eight. 

.     1083.5       70.0 

84.9         5.5 

.       143.2         9.2 

.       163.6       10.5 

Head  and  tongue 

Feet 

Heart,  liver  and  lun^ 

•       < 

t                 . 

t                  . 

• 

36.7 
17.1 
20.4 

2.4 
1.4 
1.3 

1549.4 

100.0 

The  animal  here  was  not  in 

prime 

condition. 

On  the  \ 

the  relations  as  stated  by  Mr.  Stephenson  may  be  taken  as  those 
that  will  be  found  nearest  the  average  truth,  and  as  his  numbers 
are  deduced  from  numerous  actual  experiments  I  feel  disposed 
to  adopt  them.  M.  Dubois  has  found  that  an  ox  which  will 
weigh  473  lbs.  sinking  the  oiFal,  will  be  brought  by  fattening  to 
the  weight  of  763  lbs.  We  have,  therefore,  for  the  weight  of 
an  animal  as  it  stands : 


Before  fattening 
After  fattening 
Grain  in  weight 

The  fattening  having  been 


828  lbs. 
1336 
508 


eiFected  in  eight  months,  the 


absolute  increase  in  weight  per  diem  will  amount  to  2  lbs. ;  the 
increase  per  cent,  upon  the  weight  is  61.4. 

We  have  seen  that  during  the  fattening,  the  mean  consump- 
tion, reckoning  the  provender  in  hay,  amounts  to  6600  lbs. ; 
the  increase  obtained  being  508  lbs.  gives  16.9  lbs.  of  living 
solid  for  every  220  lbs.  of  hay  consumed.  Lastly  the  mean 
ration  being  settled  by  M.  Dubois  at  26.4  lbs.  of  hay  per  head 
and  per  diem,  and  the  weight  of  the  animal  on  being  taken  into 
the  meadow  being  828.3  lbs.  this  ration  corresponds  to  7.1  lbs. 
of  hay  for  every  220  lbs.  weight  of  the  living  animal. 

To  sum  up  from  the  fact  just  stated  on  the  subject  of  fatten- 
ing it  appears  that  the  increase  per  day  is : 

According  to  Thaer  .         .         .     0.93  per  cent,  on  the  hay  consumed. 
Ix)w       .         .         .     0.91 
Stephenson,  let.  lot    0.94 
2nd.    .   20.89 
3rd.     .     0.45 
Dubois .  .         •     0.95 


f» 


»» 


»» 


$t 


»»  • 


>» 
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$  IV.    OV   aOASBSr 

In  what  follows  I  shall  limit  myself  to  the  consideration  of 
the  horse  in  his  relation  to  agricultural  industry,  and  shall  gire 
the  result  of  certain  experiments  which  I  have  made  upon  his 
growth  with  a  view  of  solving  the  question,  much  disputed  in 
various  places  at  the  present  time,  whether  or  not  tjie  gened 
farmer  can  breed  horses  with  advantage  to  himself. 

The  horse  employed  in  farm  labour  ought  to  be  spirited  and 
strong ;  attention  to  external  form  is  only  to  be  given  in  so  & 
as  it  is  an  indication  of  the  qualities  that  are  required.  He 
ought  therefore  to  be  broad  in  the  chest  and  in  the  haunches,  and 
his  muscular  system  must  in  general  be  decidedly  developed.  A 
horse  of  considerable  size,  if  he  be  otherwise  exempt  from  (k- 
fects,  is  generally  preferable  to  a  small  aniqa^l ;  he  is  stronger, 
takes  longer  steps,  and  does  more  for  bis  Iceep  than  the  other. 
We  are  not  to  require  in  the  draught  horse  the  vivacity  and 
amount  of  spirit  which  we  look  for  in  thp  saddle  horse,  yet  k 
ought  to  have  that  liveliness  which  is  almost  always  a  sign  d 
health  in  animals. 

Thaer  does  not  approve  of  the  practice  commonly  followed  at 
this  time  of  mixing  with  good  draught  horses  the  blood  of  ^ 
lions  of  elegant  shape,  but  little  adapted  to  stand  hard  work. 
Although  this  remark  is  not  without  truth,  it  is  still  impossibk 
to  deny  that  in  many  cases  the  employment  of  stallions  of  some 
breeding  has  much  improved  the  race  of  draught  horses  in  variois 
districts.  It  is  not,  besides,  unworthy  of  attention,  that  it  is 
really  important  for  the  former  to  have  a  breed  which  he  can 
readily  dispose  of  to  advantage,  particularly  in  those  countiies 
where  horses  for  cavalry  and  artillery  service  are  in  request. 
My  own  observations  would  lead  me  to  say,  that  the  breeds  in 
France  are  frequently  improved  by  crossing  with  stallions  of 
the  royal  studs.  The  effect  from  this  procedure  has  not  perhaps 
been  so  great  as  might  reasonably  have  been  expectcil,  stiB 
evident  progress  has  been  made. 

The  mare  will  take  the  stallion  at  about  the  age  of  three  years; 
but  it  is  seldom  that  the  animal  is  covered  at  so  early  an  age ; 
on  the  farm  she  will  be  at  least  five  or  six  years  of  age  before 
this  is  allowed,  especially  if  the  animal  is  to  be  wrought  during 
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the  time  she  is  with  foal ;  and  the  same  consideration  leads  us 
to  say,  that  a  mare  ought  not  to  be  covered  oftener  than  once 
in  two  years,  although  it  is  very  possible  to  have  a  foal  from  her 
every  year,  for  she  frequently  comes  into  season  towards  the 
eleventh  day  after  foaling,  and  she  goes  with  young  for  a  term 
which  varies   between  333  and  346  days. 

A  brood  mare  may  be  employed  in  ordinary  work  during  the 
first  period  of  her  pregnancy;  but  when  the  time  is  further 
advanced,  when  she  is  in  the  tenth  month,  for  example,  every 
possible  precaution  must  be  taken  against  accident.  This  is  the 
period  at  which  we  withdraw  our  brood  mares  from  the  common 
stable,  and  put  them  into  separate  boxes.  After  she  has  foaled, 
the  mare  receives  in  small  quantities  and  frequently  repeated, 
warm  drinks  and  bran  mashes.  Whilst  she  is  giving  suck,  her 
food  ought  to  be  of  a  more  substantial  or  better  kind  than  that 
which  is  generally  allowed. 

The  mare  may  be  put  to  light  work  twenty  days  after  she  has 
foaled ;  but  it  is  requisite  not  to  demand  anything  like  exertion 
from  her  within  eight  or  ten  weeks  after  this  event ;  she  then  goes 
out  accompanied  by  her  foal,  which  is  generally  suckled  for  about 
one  hundred  days.  Foals  are  frequently  brought  up  in  the 
stable  or  in  the  loose  box ;  this  is  our  practice  in  Alsace ;  but  it 
is  well,  with  a  view  to  the  growth  and  health  of  the  young 
animal,  that  it  be  taken  out  every  day.  On  quitting  the  teat, 
foals  are  fed  upon  choice  hay ;  in  the  course  of  the  second  year  a 
portion  of  the  hay  should  be  replaced  by  an  allowance  of  oats, 
and  in  the  season  the  use  of  green  clover  cannot  be  too  highly 
recommended. 

Acxjording  to  Thaer,  the  daily  allowance  to  a  horse  of  middling 
height,  and  doing  ordinary  work,  may  be  regarded  as  good  when 
it  consists  of  : 

Hay       .         .     8.2  lbs.   =  Hay      .         .     8.2  lbs. 
Oats       .         .9.2         =  Ditto    .         .  14.2 


Allowance  reckoned  in  hay  .         .22.4 

In    England  the  following  allowance  has   been   particularly 
mentioned  as  that  of  certain  well  conducted  stables. 


THE  HORSE. 

Cut  hay      . 
Cut  Btraw  . 
Oata 

Beans 

.  U.OlbB.  =  Hay     . 
.     2.2          =  Ditto   . 
.  11.0          =  Ditto  . 
.     1.1          =  Ditto  . 

.    11.01 

.    0.5; 

.    16.9 
.     4.7 

Allowance  reckoned  in  hay     .  .  33.2 

According  to  M.  Tassey,  veterinary  surgeon  in  t 
pal  Guard  of  Paris,  the  provender  of  tlic  horses  ii 
in  1840  consisted  of: 


Hay        .         .  lllbs. 
Oats        .         .     8 
Straw  for  litter  11 

=  Hay     . 
=  Ditto   . 
=  Ditto   . 

.    1 1  lbs. 
.    12 

■  n 

Total  aUon-ancc     . 

23 

The  siimc  outhority  reckoos  that  horses 
draught  receive  or  require  : 

employe 

Hay      . 
Oata     . 

.  lejlbs. 
.  17 

=  Hay     . 
=  Ditto   . 

.  lejlbs. 
26 

Until  very  lately  (previously  to  1 840,)  the  allowani 
horses  in  the  French  army  consisted  for  the  reserve  « 


Hay     . 

.  11  lbs.   =  Hay 

Oats     . 

.     8         =  Ditto 

Straw  . 

.  11          =  Ditto 

Total  allowance 
For  the  cavalry  of  the  line  : 


Hay  . 
Oats  . 
Straw 


.    8.8  lbs. 
.     7.5 

.  11. 


Hay  . 
Ditto  . 
Ditto   , 


Total  ollon-ance 


For  the  light  cavalry  : 

Hay      .         .  8.81bs.  =  Hay   .         .     8.81bs. 
Oats     .         .  G.6         =  Ditto  .         .  10.1 
Straw  .         ,11  =  Ditto.         .     2.7 

Total  allowance     .         .  21.6 

Influenced  hy  (he  consideration  of  tlic  frequent 
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quality  of  hay,  and  its  injurious  effect  upon  the  health  of  the 
horse,  it  was  decided  in  1841  to  replace  a  portion  of  the  hay 
ration  by  a  larger  quantity  of  oats,  an  article  much  less  liable  to 
be  adulterated,  or  to  be  indifferent  in  quality.  The  allowance 
HOW  consisted  for  the  reserve  cavalry  of: 

lbs.  Ibf. 

Hay  .  .  8.8  Hay  .  .  8.8 
Oats  .  .  9.2  =  Ditto  .  .  14.2 
Straw     .         .  11      =  Ditto      .         .     2.7 


Total  allowuuce     . 

.  25.7 

For  the  cavalry  of  the  line : 

lbs. 

Hay        .         .     6,6  —  Hay 
Oats       .         .     8.8  =  Ditto      . 

Ibi. 

.     6,6 
.  13.5 

Straw     .         .  11      =  Ditto      . 

.     2.7 

Total  allowance     . 

.  22.8 

For  the  light  cavalry  : 

Ibi. 

Hay        .         .     6.0  —  Hay 
Oats       .         .     8.3  —  Ditto      . 

Ibf. 

.     6,6 
.  12.8 

Straw     .         .  11      =  Ditto      . 

.     2.7 

Total  allowance     .         .22.1 

From  what  precedes,  it  appears  that  the  substitution  of  oats 
for  hay  was  made  upon  a  calculation  which  squares  well  with  the 
theoretical  inferences  in  regard  to  the  relative  nutritive  powers  of 
these  two  articles. 

The  allowance  to  the  horse  ought  to  be  distributed  into  three 
portions,  constituting  as  many  meals,  and  put  before  him  in  the 
morning  before  going  to  work,  in  the  middle  of  the  day,  and  in 
the  evening  ;  he  is  generally  watered  at  meal  times.  It  is  also 
highly  advantageous  to  the  health  of  the  horse,  that  he  be  made 
to  work  with  a  certain  regularity.  Our  horses  at  Bechelbronn, 
upon  an  allowance  equivalent  to  33  lbs.  of  hay,  work  from  8  to 
10  hours  a  day,  having  an  hour's  rest  at  mid-day. 

There  is  of  course  a  certain  relation  between  the  height,  or, 
if  you  will,  the  weight  of  the  horse,  and  the  quantity  of  provender 
he  requires.  Some  attention,  as  we  have  seen,  has  been  given  to 
this  point,  in  connexion  with  horned  cattle  ;  but  with  reference  to 


the  horse  I  know  of  no  data  but  such  as  I  myself  possess.  S 
teen  horses  and  mares,  aged  from  5  to  1 2  years,  and  having 
provender  equivalent  to  33  lbs.  of  meadow  hay,  weighe 
gether  18,190lb3.  The  mean  weight  of  each  horse 
represented  by  the  number  1070  lbs.,  we  perceive  that  for 
100  lbs.  of  live  weight,  6.7  lbs.  of  meadow  hay  are  requin 
the  daily  ration,  the  horses  working  from  8  to  1 0  hours  £ 
This  relation  differs  very  little  from  that  which  we  have  obi 
in  reference  to  cattle. 

I  was  anxious  to  ascertain  the  rate  of  growth  of  the  h 
and  in  connexion  with  our  breed,  which  have  a  mean  weig 
ubout  1100  lbs.,  I  found  that  the  foals  weighed  as  follows: 


I 


...... 

1 
1 

1 

1 
1 

1 

If 

If 

f 

•s. 

I 

1 

nilr  of  Ch.muLl  . 

»M.y,l^ 

ii' 

a*. 

T 

ail 

V. 

1. 

The  mean  increase  per  day  during  the  period  of  sucklin 
the  three  cases  quoted  above,  therefore,  appears  to  have 
rather  more  than  2  and  Ijths  lbs.  avoirdupois. 

Immediately  after  weaning,  young  horses  appear  to  exper 
an  arrest  of  their  growth  for  some  short  time,  an  event  y 
indeed  hnppens  to  animals  generally.  I  found,  for  ezai 
that  Chevreuil's  filly,  which  on  the  day  of  weaning  wei 
294  lbs.,  nine  days  afterwards  weighed  but  288  lbs.,  and 
consequently  lost  6  lbs. 

I  shall  add  a  few  weighings  of  horses  fiirther  advanced  in 
although  still  young : 

Alexander,  a  colt,  weighed  at  birth,  llOlbs. ;  at  the  a{ 
128  days,  3371bs. ;  increase  227Ib8.,  or  about  1.8  per  d 
51  days  afterwards,  4d0lbs.:  increase  lOSlbs.,  or  per 
1.41b. 

f^ette,  a  filly,  weighed,  when  weaned  at  the  age  of  86  < 
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295  lbs.;  83  days  afterwards,  396  lbs. :  increase  101  lbs.;  per 
dav,  1 . 1  lb. 

Hechler's  filly  weighed,  when  weaned  at  the  age  of  87  days, 
286 lbs. ;  65  days  afterwards,  358 lbs.:  increase  72 lbs.  or  per 
day  1.101b. 

From  what  precedes  we  may  conclude  : 

1st.  That  foals,  the  issue  of  mares  weighing  from  960  to 
1 1 00  lbs.,  weigh  at  birth  about  112  lbs. 

2nd.  That  during  suckling  for  three  months,'  the  weight 
increases  in  the  relation  of  278  to  100,  and  that  the  increase 
corresponds  very  nearly  to  2  and  ^  lbs.  avoirdupois  for  each  in- 
dividual per  diem. 

3rd.  That  the  increase  of  weight  per  diem  of  foals,  from  the 
end  of  the  first  to  the  end  of  the  second  year,  is  about  1  ^  lbs. 
avoirdupois ;  and  that  towards  the  third  year,  the  increase  per 
day  falls  something  under  1  lb.  avoirdupois.  After  three  years 
complete,  the  period  at  which  the  horse  has  very  nearly  attained 
his  growth  and  development,  any  increase  becomes  less  and  less 
perceptible.  These  conclusions  in  regard  to  the  horse,  differ 
very  little  from  those  which  I  have  had  occasion  to  draw  in 
connexion  with  homed  cattle. 

1  have  also  made  a  few  experiments  with  reference  to  the 
quantity  of  provender  consumed  by  foals  in  full  growth,  and 
have  found  that  Alexander,  Finette,  and  Hechler's,  filly,  weigh- 
ing together  1 106  lbs.,  consume  per  day  : 

Hay       .         .  19.8  =  Hay       .         .     19.8 
Oats     .         .     7      =  Ditto     .         .     11 


Total  allowance  .         .30.8 


Per  head     .         .        .     10.22 

The  mean  weight  of  these  foals  was  368.6  lbs.,  so  that  the  hay 
consumed  for  every  100  lbs.  of  live  weight  was  2.85  lbs.,  with 
which  allowance  the  daily  increase  amounted  to  about  1.21b. 
Consequently,  a  mixed  provender,  equivalent  to  100  lbs.  of  hay 
had  produced  1 2  lbs.  of  live  weight.  I  must  confess  that  this 
result  appears  to  be  somewhat  too  favourable,  but  I  can  only 
set  down  the  numbers  as  they  presented  themselves  to  me. 

The  flesh  of  the  horse  is  not  generally  tised,  or  at  least 


openly  used,  as  food  fur  man,  tbough  there  are  couDtrie 
which  it  is  exposed  for  sale  and  commonly  eaten.  At  I 
indeed,  in  times  of  scarcity,  horse-flesh  has  been  consume 
quantity.  During  the  Revolution,  a  knacker  exposed  put 
for  sale,  in  the  Place  <Ic  Gr^ve,  joints  from  the  horses  whid 
had  killed,  and  the  sale  continued  for  three  years  without  ai 
effect;  in  1811,  a  scarcity  obliged  the  Parisians  to  have 
course  to  the  same  kind  uf  food,  and  it  is  said,  indeed,  that 
trafHc  in  horse-flesh  as  an  article  of  human  sustenance  is 
continued  to  a  very  considerable  extent  in  the  French  mt 
polis  ;  at  the  present  moment,  a  distinguished  writer  on  Met 
Police,  M.  Parent-Duchatelct  has  even  proposed  to  l^alize 
sale  of  horse-flesh  as  food  for  man. 

S  V.  or  HOGB. 

There  is  perhaps  no  farming  establishment  which  does 
keep  a  certain  number  of  hogs,  a  measure  by  which  of^  oi 
kinds  that  would  go  directly  to  the  dunghill,  is  turned  to 
very  best  account.  The  dairy,  the  kitchen-garden,  and 
kitchen,  all  yield  their  contingent  of  food  to  the  pig-stye,  wl 
is  moreover  an  excellent  means  of  using  up  certain  portions 
the  harvest.  But  the  rearing  and  fattening  of  hogs,  altboi 
frequently  looked  upon  as  matters  of  course,  and  requiring  \ 
little  care,  do  in  fact  demand  considerable  attention  and  ceri 
conveniences  in  situation.  The  rearing  of  hogs,  in  a  gem 
way,  may  be  said  to  suit  the  small  farmer  better  than  the  gi 
agriculturist. 

Our  common  domestic  hog  appears  to  derive  his  origin  fi 
the  common  wild  hog  of  Europe.  The  breeds  are  extren 
numerous.  The  black  hog,  covered  with  rather  fine  hair,  i 
commonly  found  in  Spain,  is  a  native  of  Africa.  This  is 
race  which  has  been  carried  to  South  America,  where  it 
multiplied  in  a  truly  surprising  manner.  It  grows  rapidly ; 
if  it  has  little  to  recommend  it  with  reference  to  fattening, 
nowise  nice  in  the  matter  of  food  and  general  entertainmt 
the  flesh  is  excellent  when  the  animal  has  been  kept  upon 
banana,  and  fattened  off  upon  Indian  corn. 
The  hogs  of  the  east  of  Europe  are  remarkable  for  theirs 
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they  are  of  a  deep  grey  colour,  and  have  very  long  ears ;  they  are 
not  very  prolific,  the  brood  swine  having  rarely  more  than  four 
or  five  at  a  birth.  The  Westphalian  breed,  on  the  contrary, 
though  they  resemble  the  last,  are  highly  prolific,  the  litter  gene- 
rally consisting  of  from  ten  to  twelve.  In  Bavaria  the  hogs  are 
remarkable  for  the  smallness  of  their  bones  and  the  readiness 
with  which  they  take  on  fat.  Lastly,  the  Chinese  race,  which  is 
common  in  England  and  begins  to  extend  on  the  continent, 
differs  fix)m  those  hitherto  known,  in  having  the  back  straight  or 
even  hollow,  and  the  belly  large.  This  breed  is  also  remarkable 
for  its  quietness ;  the  pork  which  it  yields  is  of  the  very  best 
quality. 

One  of  the  great  advantages  connected  with  the  hog  being 
its  extreme  fecundity,  it  is  important  to  have  a  breed  which  is 
distinguished  in  this  respect.  There  are  some  brood  swine 
which  have  regularly  borne  ten  to  fifteen,  and  even  eighteen 
pigs  at  a  litter ;  a  more  general  number  is  eight  or  nine. 

According  to  Thaer,  the  hog  that  is  disposed  to  take  on  fat 
is  distinguished  by  length  of  body,  long  ears,  and  a  pendulous 
belly.  The  hog  attains  his  growth  at  the  end  of  about  a  year, 
until  which  time  the  female  ought  not  to  be  put  to  the  boar. 
One  boar  generally  sufiices  for  about  ten  females. 

The  hog,  as  all  the  world  knows,  is  an  animal  the  least 
dainty  in  his  food ;  he  is  omnivorous,  nothing  comes  amiss  to 
him ;  but  his  food  is  by  no  means  matter  of  indifference  when 
the  quality  of  the  flesh  comes  to  be  considered.  Thaer  seems 
to  think  that  maize  is  of  all  articles  that  which  is  the  best  for 
feeding  swine ;  and  I  have  had  occasion  to  verify  the  accuracy 
of  his  conclusion  in  South  America,  where  I  may  add  it  is  found 
that  the  oily  fruit  of  the  palm-tree  contributes  powerfully  to  the 
fattening. 

Husbandry,  in  regard  to  the  hog,  comprises  two  distinct 
periods :  the  growth  of  the  animal,  and  his  fattening.  It  is 
generally  admitted  that  it  is  most  advantageous  not  to  fatten 
swine  for  the  butcher  until  they  have  completed  or  nearly  com- 
pleted their  growth.  A  hog  which  has  been  well  kept  from  the 
period  of  its  birth,  may  be  put  up  to  fatten  at  the  age  of  about 
a  year.     The  female  shows  signs  of  heat  at  the  age  of  about  five 
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or  six  months,  and  goes  with  young  on  an  average  1 
and  will  produce  regularly  two  litters  per  annum ;  h 
ticularly  well  kept,  she  may  have  three  litters  in  the 
from  thirteen  to  fourteen  months. 

The  hogs  which  are  destined  to  be  fattened  for  the 
generally  cut  at  the  age  of  six  weeks,  particularly  if  th 
he  put  up  to  fatten  at  the  age  of  nine  or  ten  months,  a 
done.  Almost  all  the  varieties  of  roots  and  grain 
upon  the  farm  are  suitable  for  the  maintenance  of  the  li 
in  Alsace,  and  I  believe  generally,  the  staple  is  the 
potato,  with  which  are  associated  various  articles  in 
quantity,  such  as  peas,  and  barley  and  rye  meal,  &c. 

The  farrow  sow  o«ght  to  have  food  by  so  much  t 
abundant  and  nutritious  as  she  is  required  to  suckle 
number  of  pigs.  Our  allowance  at  Beiihdbronn  to  the  I 
five  young  ones  during  the  six  weeks  of  suckling  is  as  fc 


Rye  mea] 
SItjm  milk 


24.75 
2.45 
13.2 


After  the  fiflh  week  when  the  animal  is  no  longer  givi 
the  ration  consists  of: 


Steamed  potatoes       .     12.1  =  hay    .     7.3 
Rye  meal  .         .       1.0  =    „       .     1.6 

Skim  milk  (wur)  6.5  =    „      .     3.3 

Total  allowimce     .     12.2 
This  allowance  is  gradually  reduced  to  the  end  of  the 
month  after  the  farrowing,  when  the  animal  is  upon  the 
nance  ration  of  the  farm  consisting  of : 

lb*.  Ite- 

Steamed  potatoes  16.5  =  hay    .     5.2 

The  potatoes  are  mixed  with  dish  washings,  which  c 
contribute  to  improve  their  nutritive  power,  although  I  a 
gether  at  a  loss  to  estimate  the  value  of  the  article. 

The  young  pigs  begin  to  taste  the  food  ^veo  to  the  m 
the  age  of  about  a  fortnight,  but  tbey  never  take  to  this 
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food  freely  until  they  are  four  or  live  weeks  old  and  are  weaned ; 
up  to  the  time  they  have  an  allowance  of  skim  milk  and  whey. 
To  five  pigs  at  the  time  of  weaning  we  allowed  per  day  : 


Ibt. 

Steamed  potatoes 

22.0  =  hay    . 

7.3  per  head  1.4 

Rye  meal 

1.0  =    ,.       , 

.     1.6       „        0.33 

Skim  milk 

6.6  —    „ 

.     2.8      .,         0.57 

29.6  11.7 

This  allowance  was  modified  by  degrees ;  the  quantities  of 
milk  and  rye  meal  were  gradually  abridged,  and  the  proportion 
of  potatoes  increased,  so  that  about  the  third  month  the 
allowance  per  head  was  from  1 1  to  1 3  lbs.  of  potatoes  mixed  with 
greasy  water.  This  is  the  regimen,  equivalent  to  about  5  lbs.  of 
hay,  upon  which  our  store  pigs  are  maintained  until  they  are 
put  up  to  fatten.  During  the  three  months  which  follow  the 
weaning,  therefore,  we  may  reckon  that  each  animal  has  con- 
sumed 3.8  lbs.  of  meadow  hay  per  day,  and  that  fi'om  the  third 
month  the  consumption  may  be  represented  by  5.2  lbs.  of  the 
same  article. 

We  have  attempted  in  vain  to  replace  the  potato  by  rape 
or  madia  oil  cake ;  the  pigs  refused  it  obstinately ;  but  they 
showed  no  objection  to  poppy  seed,  walnut  and  linseed  cake ; 
during  the  season  they  will  also  eat  clover,  and  are  partly  main- 
tained upon  this  plant.  In  summer  they  are  put  entirely  upon 
green  meat,  animals  from  five  to  six  months  old  consuming 
about  1 9  lbs.  of  clover  a-day,  a  quantity  which  represents  very 
nearly  5  lbs.  of  clover  hay. 

The  hog  may  be  fattened  at  any  age ;  but  as  we  have  already 
said,  it  is  not  generally  advisable  to  fatten  before  he  is  ten 
months  or  a  year,  some  say  fifteen  months  or  a  year  and  a  half 
old,  at  which  period  the  animal  is  undoubtedly  in  flesh  and  at 
its  full  growth.  The  other  extreme  limit  appears  to  be  about 
five  years ;  but  it  is  only  a  brood  sow  that  is  ever  kept  to  five 
years  of  age.  It  is  generally  allowed  that  twelve  weeks  are 
required  to  bring  a  hog  into  prime  condition,  when  he  ought  to 
have  a  layer  of  fat  under  the  skin,  upwards  of  an  inch  in  thick- 
ness. Sixteen  weeks  may  be  required  to  obtain  an  animal  really 
fat ;  and  twenty  weeks  to  have  him  at  the  highest  point  that  is 
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attainable.  The  hog  requires  to  be  fed  regularly.  After  wean- 
ing, pigs  should  have  five  or  six  meals  in  the  course  of  the  day ; 
the  number  of  meals  is  diminished  gradually,  and  towards  the 
end  of  two  months  they  amount  to  but  three  in  all. 

I  was  curious  to  ascertain  the  weight  of  pigs  at  the  moment 
of  their  birth  so  as  to  determine  their  rate  of  increase  during 
the  period  of  suckling.  On  the  5  th  of  September  a  sow  farrowed 
a  litter  of  five. 

Ibf 

No.  1  weighed  2.205 
No,  2  „  3.025 
No.  3  „  2.476 
No.  4  „  2.750 
No.  5       M         3.300 


Weight  of  the  litter     .       1 3, 756 
Average  weight  per  head      2.751 

On  the  1 1th  of  October  the  weight  of  the  litter  was  86.9  lbs., 
or  17.3  lbs.  per  head, :  increase  in  thirty-six  days,  73.2  lbs. ;  per 
head,  14.6  lbs. ;  per  day,  0.409  lb.  On  the  15th  of  November 
the  weight  was  177  lbs. :  increase  in  thirty-five  days,  90.2  lbs.; 
per  head,  18  lbs.;  per  day,  0.506.  During  the  thirty-six  days 
of  suckling  consequently,  100  of  live  weight  at  birth  had  become 
632. 

In  another  instance,  I  found  that  eight  pigs  which  at  the  time 
of  weaning  weighed  114  lbs.  or  14.3  lbs.  per  head,  at  a  year 
old  weighed  1 320  lbs.  or  1 65  lbs.  per  head :  increase  in  eleven 
months  1206  lbs.  or  150  lbs.  per  head. 

The  increase  per  diem  since  the  weaning  had  been  0.4, — not 
quite  half  a  pound ;  and  as  the  food  consumed  may  be  repre- 
sented by  5.2  lbs.  of  hay  per  day  and  per  head,  it  will  follow 
that  100  of  forage  had  produced  8.58  of  live  weight.  This 
ratio  is  too  high,  however ;  for  these  pigs  besides  the  regular 
allowance  had  whey  and  various  scraps  of  which  no  account  was 
kept ;  and  we  know  th&t  whey  alone  contains  a  considerable 
quantity  of  the  representatives  both  of  flesh  and  fat. 

Baxter  came  to  some  interesting  conclusions  on  the  growth 
and  fattening  of  young  hogs.  Four  animals  each  of  the  age  of 
nine  months  weighed  at   the   beginning   of    the   experiment 
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458.2  lbs. ;  twenty-one  days  afterwards,  620.8  lbs. :  increase  of 
weight  162.6  lbs.  to  obtain  which  there  were 


>J1IK1IIII[^I 


lbs.  lbs. 

Barley  .151     equivalent  to  hay,  250 

Beans         •         .  140.8  ,,  611 

Malt  grains        .  440  „  257 

1229 

So  that  a  quantity  of  nutritive  matter  represented  by  1 00  lbs. 
of  hay  produced  13.21  lbs.  of  live  weight. 

Assuming  the  weight  of  each  pig  of  nine  months  old  before 
the  fatting  to  have  been  29  lbs.  the  increase  per  head  was 
40.6  lbs.  in  the  course  of  twenty-one  days,  or  at  the  rate  of 
1.9  lbs.  each.  Baxter  reckoned  the  carcass  weight,  sinking  offal, 
at  7.4  per  cent. 

One  of  the  pigs  between  nine  and  ten  months  old  weighing 
159.5  lbs.,  at  the  end  of  twenty  days  weighed  198.8 lbs.;  in- 
crease in  twenty  days,  39.3  lbs. ;  increase  per  day,  1.9  lbs. 
During  these  twenty  days,  the  animal  had  consumed  188  lbs. 
of  barley,  equivalent  to  3 1 4  lbs.  of  hay.  The  increase  would 
consequently  give  for  every  100  lbs.  of  hay  consumed  an  increase 
of  live  weight  of  12.52,  say  12^  lbs. 

Arthur  Young  by  keeping  pigs  of  a  year  old  on  peas-meal 
obtained  the  following  results : 

No.  1  weighed  99.0  ;  35  days  afterwards,  157.5 ;  gain,  58.5 ;  per  day  1.672 
No.  2       ..        91.7;  42  „  145.4;     „     53.7         .,       1.876 

No.  3       „        86.6  ;  63  „  139.4 ;     „     52.8         „      0.836 

I  shall  here  give  two  series  of  observations  made  at  Bechel- 
bronn  on  the  fettening  of  hogs.  September  6th,  1841,  seven 
hogs,  aged  fifteen  months  each,  already  in  good  condition,  were 
put  up  to  fetten.  They  had  hitherto  had  the  usual  hog*s  food — 
sour  milk  and  boiled  potatoes  after  weaning ;  by  and  bye  firom 
11  to  15  lbs.  of  potatoes,  whey  and  dish  washings.  The  seven 
porkers  weighed  1691.8  lbs.;  or  241.670  lbs.  each.  The 
increase  had  been  at  the  rate  of  0.528,  rather  better  than  half  a 
pound  per  day  and  per  head,  supposing  them  to  have  weighed 
1 3.7  lbs.  each,  at  the  time  of  weaning. 
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Ibiu 


After  fattening,  20th  December,  the  7  swine  weighed  2101.0 
Before       „  6th  September  ,.  169.8 


Increase  in  104  days,  409.2  lbs. ;  or  per  bead       58.3 
Increase  per  day  and  per  head      .         •         .       0.572 

In  the  course  of  the  1 04  days,  there  were  consumed : 


Barley 

Peas 

Potatoes 


llM.  lbs. 

.  772       equivalent  to  hay  1144 
.  1042.8  „  4171 

.  9504  ..  8296 


»> 


Greasy  water  and  whey-quantity  not  determined  8333.6 

So  that  with  the  provender  equivalent  to  1 00  lbs.  of  hay,  4.9  libs, 
of  live  weight  had  been  produced. 

These  seven  porkers  slaughtered,  yielded : 


Hogs. 

Weight  alive. 

Weight  after 
bleeding. 

Weight  of  the 
blood. 

Weight  of  the 
ponen  with- 
out heads  or 
feet. 

■ 

Weight  of 

heads  and 

oflU. 

1 

2 
3 
4 
5 
6 
7 

Ibi. 

323.0 

259.0 

283.0 

316.0 

264 

259.6 

393.8 

Ibt. 
312 

248 

272 

305 

257.4 

250.8 

376.2 

ibt. 
11 
11 
11 
11 

6.6 

8.8 

17.6 

Ibt. 

268.0 
208.4 
208.2 
263.2 
220.0 
213.4 
321.2 

lbs. 

44.0 
39.6 
63.8 
41.8 
37.4 
37.4 
55.0 

2098.6 

» 

>* 

1702.6 

>t 

It  must  be  admitted  that  these  animals  had  increased  both 
in  flesh  and  in  fat ;  but  in  spite  of  this,  the  experiment  appears 
to  be  unfavourable  to  the  opinion  that  fat  in  animals  is  the  effect 
of  direct  assimilation  of  the  substance.  The  whole  increase  of 
weight  in  the  seven  porkers  had  been  409.2  lbs. ;  suppo^ng 
27  per  cent  of  fat  in  this  increase,  its  amount  must  have  been 
110.4  lbs.  in  all;  but  the  food  consumed  did  not  contain  more 
than  57.4  lbs.  It  would  therefore  be  necessary  to  admit  that 
the  food  which  had  not  been  taken  into  the  account  had  con- 
tained as  many  as  53.0  lbs.  of  fatty  matter,  which  I  own  does 
not  appear  to  me  probable.  But  no  definitive  conclusion  can  be 
drawn  from  the  circumstance,  owing  to  the  actual  state  of  fat- 
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ness  of  the  animals  when  they  were  specially  put  up  to  fatten, 
not  having  been  ascertained ;  perhaps  the  absolute  quantity  of 
fat  already  accumulated  is  greater  at  this  time  than  is  generally 
supposed. 

I  findy  for  instance,  that  a  young  porker  of  1 96.9  lbs.,  killed  at 
the  time  when  he  might  have  been  put  up  to  fatten  specially, 
yielded  as  many  as  26.3  per  cent  of  fat. 

The  following  are  the  data  afforded  by  the  fattening  of  the 
farm  porkers  for  1842 : 

Nine  porkers,  from  thirteen  to  fifteen  months  old,  and 
already  in  good  condition,  were  put  upon  the  full  fatting  allow- 
ance on  the  1st  of  October,  on  which  day  they  weighed : 

lbs. 

1940 
Nov.  28th,  after  having  been  bled,  they  weighed  .     2307.8 

Increase  in  58  days  per  head  and  per  day        .         •         •     38.2 

In  the  course  of  fifly-eight  days  the  hogs  had  consumed : 

lbs.  Ibt. 

Rye  770    equivalent  to  hay     1141.8 

Peas  1302  „  5209 

Potatoes      4796  „  1861 

Ghreasy  water  and  whey  undetermined  8221 .8 

The  nine  animals  gave  1746.8  lbs.  of  meat,  fat  and  lean,  or 
75.7  per  cent  of  their  weight  as  they  stood  alive ;  besides  which, 
141.9,  say  142  lbs.  of  lard  were  obtained  froia  the  internal 
parts.  Now  supposmg  that  in  the  increase  of  weight  obtained 
in  the  course  of  fifty-eight  days,  the  fat  were  to  be  represented 
by  29  per  cent,  the  fat  fixed  would  amount  to  100.1  lbs. ;  whilst 
the  whole  of  the  fatty  substances  contained  in  the  food  consumed 
would  not  amount  to  more  than  59.6  lbs.  It  would  therefore 
be  imperative  on  us,  did  we  maintain  that  all  the  fat  was 
obtained  ready  formed  from  without,  to  suppose  that  the  whey 
and  dish  washings  administered  in  indeterminate  quantity,  had 
introduced  40.5  lbs  of  fat  into  the  bodies  of  the  animals.  Some 
experiments  which  are  going  on  at  Bechelbronn  at  this  moment 
will,  I  trust,  settle  the  question  definitively  as  to  whether  diuing 
the  fatting  of  hogs  and  other  animals  there  is  any  formation  of 
fat  at  ihe  cost  of  the  starch  and  sugar  of  the  food. 
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The  observations  which  I  have  made  on  the  fattening  of  bogs 
may  be  summed  up  in  these  terms  : 


II" 

is 

is 


l 


lb«. 

5.1 
13.5 
15  7 


f* 


11.6 
15.4 


a 


lb«. 

0.440 
0.836 
1.958 
1.254 
0.572 
0.660 


•go 

a   . 

3J  - 


II 


Ibi. 

8.58 
13.21 
12.52 

4.91 
4.21 


I>aration  of  the  ezperiaest 


Moothf. 
1 

9 

H 

12 
15 
14 


Months. 
11 


I        Days. 


M, 

21 

20 

f» 

104 

58 

J 


The  aflowance  to  the  hogs  in  the  preceding  observations  was 
always  abundant.  To  determine  the  quantity  of  potatoes  con- 
sumed each  day  by  a  hog  in  full  growth,  and  whase  weight  was 
known,  I  had  him  weighed  at  intervals,  as  well  as  the  potato 
ration,  placed  before  him  at  will,  which  he  ate  daily,  and  found 
that  when  he  weighed : 


lbs. 

138    he  ate 

Ibt. 
11 

equivalent  in  hay  to 

Ita. 

3.4 

Per  100  of  the 
live  we%fat  in  hqr 

2.52 

145         „ 

13.2 

9* 

4.2 

2.89 

160.5     ,. 

15.4 

»» 

4.8 

30.1 

184.8     ., 

17.6 

»» 

5.5 

3.02 

To  these  observations  on  the  keep  and  fittting  of  homed 
cattle,  horses  and  hogs,  I  would  gladly  have  added  remarks  of 
like  extent  on  the  growth  and  fattening  of  sheep ;  iinfortunatdy 
I  have  only  been  able  to  obtain  very  imperfect  information  on 
this  branch  of  rural  economy.  I  have,  however,  sought  to  as- 
certain approximately  the  relations  which  exist  between  the 
weight  of  a  young  animal,  the  food  consumed  and  the  increase 
in  live  weight  by  means  of  the  following  experiment : 

Two  sheep  six  months  old  weighed  together  134.2  lbs. 
Sixteen  days  afterwards  they  weighed         .  151.8 


Total  increase 
Increase  per  day,  per  head 


17.6 
0.55 


THE  HOG.  639 

In  the  sixteen  days  the  two  sheep  ate : 

Hay      .         .     22.0  =  Hay     .         .     22.0 
Potatoes        .     53.3  =  Hay     .         .16.9 

38!9 
Or  per  head  in  hay  .         .         •         •     19.45 
Or  per  head  per  day  •         •       1.21 

This  would  give  us  about  2.9  of  hay  provender  per  cent,  of 
the  live  weight,  so  that  a  ration  which  should  be  represented  by 
1 00  of  hay  would  be  followed  by  an  increase  on  the  weight  of 
a  sheep  of  six  months  old  of  27.7  per  cent. 

§    VI.    OF  THX    FRODUCTIOK    OF   MANURB. 

The  forage  consumed  on  the  farm  being  the  source  of  the 
manure  produced  there,  it  would  seem  that  it  must  be  easy  to 
calculate  the  value  of  all  that  comes  from  the  stables  and  cow- 
houses day  after  day.  I  do  not  mean  the  mass  or  weight  of 
the  dejections  here,  for  it  is  certain  that  the  more  or  less  watery 
nature  of  the  food  materiaDy  influences  the  weight  of  the  dimg 
produced ;  and  if  a  common  mode  of  calculating  the  quantity 
of  dung  by  merely  multiplying  the  weight  of  food  consumed  by 
three  be  correct  in  some  cases,  it  is  very  far  from  the  truth  in 
others.  The  dung  produced  on  the  farm  must  be  calculated 
on  different  grounds  from  this ;  and  without  pretending  to  any 
degree  of  accuracy  which  is  really  unattainable,  it  is  still  very 
possible  to  get  at  the  quantity  of  azote  which  is  contained  in 
the  litter  and  in  the  dejections,  so  as  to  be  able  to  refer  to  a 
standard  the  quantity  of  manure  made. 

Were  not  the  azotised  principles  of  the  food  partly  exhaled 
by  animals,  the  whole  quantity  not  appearing  in  the  excretions, 
it  is  obvious  that  it  would  suffice  to  have  ascertained  the  quan- 
tity of  azote  contained  in  the  food  to  be  in  a  condition  to  decide 
on  that  contained  in  the  dung  added  to  the  litter.  But  this 
cannot  be  done :  to  be  convinced  of  the  fact,  it  is  enough  to 
take  the  least  complex  case,  that  of  a  full-grown  horse,  receiving 
as  his  allowance  per  day : 


Hay 
Oats 
Straw 
litter 
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22  lbs.  contuning  1775.3  grama  of  uote 
11  ,.  1369.4 

11  ..  308.7 

8.8        „  108.0  ., 


Azote 


3581.4 


Now  assuming  2  per  cent  as  the  contents  in  azote  c 
farm-yard  dung,  we  see  that  the  food  consumed  by  the 
speaking  theoretically,  might  or  should  form  25.5  lbs.  c 
maoure.  But  we  have  seen  that  a  horse  or  cow  will  exhak 
355.0  to  416.8  grs.  of  azote,  which  is  all  derived  from  the 
and  is  consequently  lost  to  the  dung-heap.  Now  385.9  % 
azote  represent  2.75  lbs.  of  dry  manure ;  so  that  the  diy 
produced  by  the  horse  kept  in  the  stable,  wiD  he  reduced 
25.5  lbs.  to  23.1  lbs.  In  the  course  of  a  year,  upon  this  ( 
lation,  the  azote  exhaled  will  diminish  the  weight  of  dry 
produced  by  one  horse  by  a  quantity  equal  to  1045  lbs. 

The  azote  of  the  food  of  a  cow  is  still  more  considersb 
quantity,  and  the  loss  to  the  dung-hiU  proportionally  larger 
asmuch  as  to  the  amount  she  exhales,  must  be  added  all 
goes  to  constitute  the  milk  she  gives.  Practical  men,  ml 
pretending  to  get  at  the  cause  of  the  thing,  have  long 
aware  of  the  fact,  that  a  cow  produces  less  dung  than  a  b 
and  the  truth  of  this  is  readily  demonstrated  on  scie 
grounds.  Suppose  a  cow,  consuming  the  equivalent  of  3 
of  bay,  and  giving  about  1 7  pints  of  milk  per  day  : 


33  Iba.  of  hay  contain     . 

44    „      straw  fur  litter  contain 


2670  gn.  of  azote 


3=19.8  lbs.  of  dung  mij 
to  bediy. 


But  in  the  24  hours,  there  have  been  of 

385.9  grains,  and  of 


Azote  exhaled  . 
Azote  in  17  pints,  c 
of  milk  carried  off 


r  22.7  lbs. 

802.7  grains 

1188.6  =  8.8  of  dry  du 

The  33  lbs.  of  hay  digested  by  the  cow,  consequently,  the 

added,  have  only  produced  8.8  of  diy  dung.     The  azote  c 

food,  of  which  we  find  no  account  in  the  dejections,  ami 
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per  annum  to  nearly  30  cwts.  (3300  lbs.)  the  deficiency  in  the 
case  of  the  horse  amounting  to  no  more  than  1045  lbs.  (9  cwts. 
1  qr.  9  lbs.) 

The  estimation  of  the  dung  produced  by  growing  animals, 
presents  several  special  difficulties,  inasmuch,  as  besides  the 
azote  exhaled  fi*om  the  lungs,  there  is  the  quantity  that  is  fixed 
in  the  living  body. 

In  one  of  the  experiments  which  I  have  related,  it  appears 
that  a  calf  six  months  old,  cx)nsuming  : 

Hay  9.6  lbs.  containing         .         .         .     1069.8  azote 
Discharged  by  its  dejections  .         .         .       838.3 
Azote  fixed  or  exhaled  in  24  hours         .       231.5 


The  azote  lost  to  the  manure  by  the  fixing  of  azote  is  there- 
fore very  considerable,  in  the  case  of  young  animals  as  well  as 
of  milch-kine.  We  find,  for  example,  that  for  eveiy  100  lbs. 
weight  of  hay  consumed  : 

A  horse  supplies  the  equivalent  of    51  lbs.  of  dry  standard  dung 
A  milch-cow      ....     32  „  „ 

A  calf  of  six  months  .         .         .40 


»f  »» 


To  estimate  with  any  rigour  the  quantity  of  azotised  manure 
which  ought  to  result  fi*om  the  forage  consumed  on  the  farm,  it 
were  necessary  to  know  the  proportion  of  azote  contained  in 
the  bodies  of  all  the  animals  entertained  upon  it.  Having  the 
increase  of  weight  that  occurred  in  the  stable,  cow-house,  pig- 
sty, and  poultry-yard,  we  should  then  be  in  a  condition  to  know 
the  precise  quantity  of  dung  which  it  would  be  necessary  to 
retrench  fi'om  that  which  the  forage  ought  to  have  produced, 
had  there  been  no  production  of  animal  matter,  had  the  whole 
of  the  azote  of  the  food  passed  through  the  live  stock  to  the 
dung-hill.  Unfortunately,  we  have  no  very  precise  data  by  which 
we  might  calculate  the  quantity  of  azote  contamed  in  a  living 
animal.  I  shall  nevertheless  endeavour  to  apply  such  as  we 
possess. 

From  a  few  practical  experiments,  and  the  information  at  my 
command,  I  admit  that  the  following  substances  in  their  usual 
state  contain  per  cent : 


I 


Beef-flesh          .         .     77  23  I.O 

Veal         ...     77  23 

Blood       ...     80  20  0.9 

Skin         ...     60  40  1.0 

Hair         ...       9  81  2.0 

Horn       ...       9  91  0.7 

Beef  bones  (tibia)     .30  70 

An  eDtire  skeleton    .     36  64  35.0 

Brain,  intestines,  &c.     81  10  1.0 

Fat  freed  from  skin    .20  60  ,, 

These  data  applied  to  the  various  parts  which  entei 
constitution  of  the  animals  which  up  to  this  point  hav 
our  attention,  we  should  have  for  the  quantity  of  azote 
contained : 

la  homed  cattle         .         .         .  3.47 

In  the  hone       ....  3.64 

In  the  hog         .  .  3.80 

In  the  sheep      ....  3.66 

Average  .  3.64 

For  every  100  lbs.  of  live  weight  produced  on  the  fi 
sequently,  we  may,  without  probably  being  a  great  way 
truth,  presume  that  there  has  been  3.6  of  azote  fixed, 
tained  from  the  forage,  and  which  consequently  cannot 
dung-heap ;  in  other  words,  every  1 00  lbs.  of  live  wi 
duced,  deprive  the  establishment  of  1 80  lbs.  of  dry 
dung,  or  nearly  1 8  cwts.  of  moist  farm-yard  dung.* 

We  may  be  allowed,  therefore,  to  entertmn  the  li 
we  shall  one  day  be  able,  from  the  quantity  of  forage  < 
upon  a  iarm,  to  calculate  the  actual  quanti^  of  mani 
we  shall  have  at  our  disposal.  To  arrive  at  this  result, 
mdeed  only  be  necessary  to  subtract  the  manure  repres 
the  azote  exhaled  frvm  and  fixed  in  the  bodies  of  tl 
from  the  amount  of  azotised  manure  represented  by  i 
quantity  of  forage,  were  it  to  be  used  immediately.  1 
results  of  any  accuracy,  however,  it  were  necessary  t 

*  This  diBCUBsion  will  undouhtedly  extend  by  and  by  to  pho8| 
I  shall  only  say  at  this  time,  that  from  the  iresulta  obtained  ia  tfa 
pig,  the  phosphoric  acid  appears  to  be  in  the  proportion  of  from 
cent  of  the  live  weight. 
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data  both  more  numerous  and  more  precise  than  any  we  have 
at  present.  This  perfection  of  co-efficients  must  be  viewed  as 
an  affair  for  the  future ;  agriculturd  science  has  ahnost  every- 
thing to  create. 

In  estimating  the  quantity  of  manure  from  the  forage  con- 
sumed, it  has  been  supposed  that  there  is  no  loss.  With  refe- 
rence to  the  stall  or  cow-house,  a  careful  husbandman  may 
approach  this  perfection,  by  doing  almost  the  contrary  of  aU  that 
is  usually  done  now-a-days;  i.  e.  by  taking  every  precaution 
against  waste  ;  but  it  is  obvious  that  in  so  far  as  the  stable  is 
concerned,  there  must  always  be  a  considerable  and  inevitable 
loss ;  all  that  faUs  upon  highways  and  byways  is  irretrievably 
gone.  It  is,  indeed,  matter  of  ordinary  calculation  that  in  con- 
sequence of  their  work  out  of  doors,  the  horses  upon  a  farm  do 
not  afford  more  than  about  two-thirds  of  the  dung  which  ought 
to  be  obtained  from  the  provender  consumed.  Some  experi- 
ments made  in  the  stables  at  Bechelbronn  show  that  the  loss  in 
this  way  may  amount  to  one  quarter  of  the  whole  amount  of 
dejections ;  still,  as  the  animals  are  for  the  major  part  engaged 
on  the  land  of  the  farm,  it  is  obvious  that  what  falls  there  is  by 
no  means  lost.  To  supply  my  reader  with  definite  sums  fit)m 
a  particular  instance,  upon  which  he  may  fix  his  mind,  I  shall 
state  for  his  information  that  in  the  course  of  1840-41,"*  my 
stock  at  Bechelbronn  consisting  of:  sixteen  head  of  cattle, 
eleven  calves,  twenty-seven  horses,  and  (?)  hogs,  consumed 
333,579  lbs.  or  148  tons,  18cwts.  1  qr.,  15  lbs.  of  forage, 
containing  6925  lbs.  of  azote,  and  produced  upon  their  original 
weight  20821  lbs.  of  flesh,  &t  and  milk,  containing  with  the 
addition  of  a  calculated  quantity  for  loss  from  out  of  door  drop- 
pings, exhalation  by  the  lungs,  &c.,  2631  lbs.  of  azote.  The 
forage  and  the  litter,  from  their  contents  in  azote,  ought  to  have 
produced  about  15356  cwt.  of  moist  farm-yard  dung;  they, 
however,  produced  no  more  dian  9522  cwt. ;  and,  in  fact,  we 
see  that  there  had  been  a  consumption  of  azote  by  arrest  within 
the  bodies  of  the  stock,  by  exhalation  from  their  lungs,  and  by 
loss  amounting  to  2631  lbs. ;  by  an  equivalent  quantity  of  dung, 
therefore,  had  the  absolute  produce  necessarily  been  diminished. 

*  Twelve  months,  I  presume. — Evq,  Ed. 
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Thaer  allows  that  articles  of  dry  fon^  and  litter  doul 
weight  in  becoming  converted  into  dung.  The  statemeo 
I  have  just  made  agrees  on  the  whole  pretty  well  with  t! 
mate.  In  our  cow-house  ration,  one-half  only  is  genera 
the  otho-  half  conasts  of  roots  and  tubers.  The  dry  for 
litter  consequently  amount  to  4660  cwt.,  which  accor 
Thaer,  ought  to  become  changed  into  93*20  cwt.  of 
number  not  very  wide  of  that  to  which  we  have  come. 
reckons  the  dung  of  the  cow-house  at  four  times  the  w 
the  litter,  a  view  which  neither  accords  with  Thaer's  estin 
with  our  experience. 

I  think  it  altogether  unnecessary  to  insist  on  the  im{ 
to  the  farmer  of  a  fore-knowledge  of  the  quantity  of 
whidi  he  may  reasonably  calculate  on  obtaining  from  s 
wdght  of  forage  ccmsumed  upon  his  premises.  Of  the 
methods  proposed  for  arriving  at  this  information,  thi 
I  have  employed,  and  which  is  based  on  ascertaining  the 
«f  azote,  appears  to  me  the  best  calculated  to  supply  eaU 
results,  particularly  when  experience  shall  have  corrected 
firmed  the  numbers  which  I  have  adopted  as  the  elet 
my  calculations. 

I  have  already  sud  that  any  supplementary  forage,  oi 
added  to  that  which  is  indispensable  to  the  production 
nure,  generally  acquires  by  the  fact  of  its  conversion  int 
or  into  exportable  substances,  a  value  superior  to  that  ' 
could  have  had  of  itself  in  the  market-place.  This  ac 
forage  is  that  fraction  of  the  provender,  the  azote  oi 
figures  in  the  statements  that  have  just  been  made  a 
exhaled  or  assimilated  and  fixed.  We  find,  in  fact,  thi 
presenting  this  forage  which  is  lost  to  the  dung-heap,  but 
to  power  and  exportable  articles,  that  in  the  stall,  1 00  lbs 
yield  8.6  lbs.  of  live  weight,  and  40.8  lbs.  of  milk,  and  tha 
hog-stye,  100  lbs.  of  hay  yield  21  of  living  weight. 
stable,  again,  the  azote  fixed,  exhaled  or  lost  amounts  tc 
1540 lbs.  represented  by  about  1218  cwts.  of  hay,  whi 
yielded  1504  lbs.  of  live  weight,  due  in  great  part  to  tl 
and  growth  of  foals,  in  addition  to  the  force  r^resei 
8370  days'  work. 
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CHAPTER  X. 

METEOROLOGICAL   CONSIDERATIONS. 

§  1.   TBMPBRATURK. 

The  phenomena  of  vegetation  are  always  accomplished  under 
the  influence  of  a  certain  temperature.  If,  in  addition,  the 
concurrence  of  light,  air,  moisture,  and  various  inorganic  sub- 
stances be  required,  it  is  stiU  perfectly  certain  that  all  of  these 
agents  only  contribute  to  the  development  of  a  plant  when  they 
are  assisted  by  a  due  measure  of  heat,  variable  with  reference  to 
the  different  vegetable  species,  and  comprised  within  limits  that 
are  rather  far  apart,  but  essential.  Germination,  for  example, 
takes  place  at  a  temperature  a  few  degrees  above  the  freezing  point 
of  water,  38^  or  39^  F.  and  at  one  indicated  by  100^  or  120^  of 
the  same  scale.  The  forests  of  tropical  countries  thrive  in  a  hot, 
moist  atmosphere,  which  often  marks  upwards  of  1 00®  F.,  and  I 
met  with  a  saxifrage  upon  the  Andes  at  an  elevation  of  15,748 
feet  above  the  level  of  the  sea,  beyond  the  line  of  perpetual 
snow,  and  very  near  the  hne  of  perpetual  congelation. 

Some  families  of  plants  require  a  temperature  not  only  high, 
but  that  never  falls  below  a  certain  very  limited  degree ;  the 
majority  of  the  intertropical  plants  are  in  this  predicament.  There 
are  others  which,  imperatively  requiring  a  high  temperature  for 
their  growth  and  perfection,  nevertheless  suspend  their  powers 
during  the  winter,  and  bear  without  detriment  degrees  of  cold 
of  great  intensity ;  among  the  number  may  be  cited  the  larch-pine, 
which  abounds  in  Siberia,  and  stands  the  utmost  rigours  of  its 
climate  where  the  thermometer  at  mid-winter  frequently  falls  to 
30®  and  even  40°  below  zero,  F. 

The  meteorological  habitudes  or  dispositions  of  plants  being 
extremely  various,  it  follows  that  the  geographical  distribution  of 
plants  is  a  consequence  of  the  distribution  of  heat  over  the  sur- 
face of  the  globe— of  climate. 

ss  3 
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The  earth  we  inhabit  appears  to  have  a  heat  proper  to 
it  is  a  heated  body  in  prc^;reS9  of  cooling.  It  is  found  i 
that  as  the  centre  of  tiie  earth  is  approached,  as  mines  pei 
more  deeply  below  its  surface,  that  the  temperature  inc 
Bebw  a  very  limited  distance  from  the  surface,  the  tempe 
ceases  to  be  affected  by  variatioos  m  the  tempcratiuv  ' 
general  atmosphere ;  fixim  the  point  of  invariable  tempet 
the  subterranean  heat  increases  uniformly  at  the  rate  of  ] " 
(1.8'  Fahr.)  for  every  101  feet  of  descent. 

The  depth  at  which  the  point  or  stratum  of  invariablt 
perature  is  met  with,  varies  in  different  places,  and  is  i 
affected  hy  the  extent  of  the  thermometrical  variations  i 
superincumbent  ur  in  the  course  of  the  year.  In  the  I 
latitudes,  consequently,  the  depth  is  very  considerable  ;  at 
for  example,  M.  Arago  has  found  that  a  thermometer  bur 
26^  feet  under  the  surface  does  not  remain  absolutely  static 
In  dimates  of  greater  constancy,  as  may  be  conceived 
layer  of  invariable  temperature  will  be  found  much  nean 
siuiace ;  were  the  temperature  of  the  air  invariable  the  la; 
invariable  temperature  would  necessarily  be  found  at  the  si 
of  the  ground.  lo  countries  under  and  close  to  the  e<] 
this  in  fact  is  foimd  to  be  the  case.  FVom  a  series  of  obi 
tions  which  I  made  in  South  America  between  the  Sod  para 
southern  and  the  Uth  of  northern  latitude,  I  found  that 
the  hne,  the  layer  of  invariable  temperature  is  found  nea 
the  surface ;  the  thermometer  placed  in  a  hole  about  oni 
deep  imder  the  shade  of  an  Indian  cabin,  or  a  shed,  doe 
vary  hy  more  than  from  one-tenth  to  two-tenths  of  a  d 
cent. 

It  was  probably  under  the  influence  of  the  internal  or  p 
heat  of  the  globe,  according  to  M.  de  Humboldt,  that  the 
species  of  animals  which  are  now  confined  to  the  torrid 
inhabited  in  former  and  remote  ages  the  northern  beaiisp 
covered  as  it  then  was  by  arborescent  ferns  and  stately  pi 
It  is  easy  to  imagine  how,  as  the  surface  of  the  earth  cooiwi 
distribution  of  climates  became  almost  exclusively  dependei 
the  action  of  the  solar  rays,  and  how  also  those  tribes  of  pi 
and  of  animals,  the  organization  of  which  required  a  higher 
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perature  and  more  equable  climate,  gradually  died  out  and  dis- 
appeared.* 

In  the  state  of  stability  to  which  the  surface  of  the  globe 
appears  actually  to  have  attained,  the  sun  must  be  considered  as 
the  agent  which  most  directly  influences  the  temperature  of  our 
atmosphere.  The  length  of  the  day,  the  number  of  hours 
during  which  the  sun  is  above  the  horizon,  coupled  with  the 
height  to  which  he  ascends,  such  is  the  cause  with  which  the 
temperature  of  each  particular  latitude  is  primarily  connected;  and 
in  looking  at  the  subject  practically  it  is  found  to  be  so  precisely; 
not  only  is  the  mean  temperature  of  the  year  dependent  on  the 
length  of  the  days  and  the  meridian  altitude  of  the  sun,  but 
the  mean  temperature  of  each  month  in  the  year  is  essentially 
connected  with  the  same  circumstances.  In  the  northern  hemi- 
sphere, the  temperature  rises  from  about  the  middle  of  January, 
slowly  at  first,  more  rapidly  in  April  and  May,  to  reach  its 
maximum  point  in  July  and  August,  when  it  begins  to  fall  again 
until  mid-January,  when  it  is  at  its  minimum. 

The  highest  mean  annual  temperature  is  of  course  observed 
in  the  neighbourhood  of  the  equator ;  between  0®  and  1 0^  or 
1 2®  of  latitude  on  either  side,  at  the  level  of  the  sea,  where, 
besides  the  equality  of  day  and  night,  the  sun  always  ele- 
vated, passes  the  zenith  twice  a  year.  The  observations  that 
have  been  made  up  to  this  time,  lead  us  to  conclude  that  this 
temperature  oscillates  between  26^  and  29^  cent. ;  78.8^  and 
84.2^  Fahr. 

Did  the  earth  present  unvarying  uniformity  of  surface,  not 
only  with  reference  to  elevation  but  to  constitution,  so  that  the 
power  of  absorbing  and  of  radiating  heat  should  be  everywhere 
alike,  the  climate  of  a  place  would  depend  almost  entirely  on 
its  geographical  position :  the  points  of  equal  temperature  would 
be  found  on  the  same  parallels  of  latitude,  or  to  employ  the  happy 
expression  introduced  by  M.  de  Humboldt,  the  isothermal  lines 
would  all  be  parallel  with  the  equator.  But  the  surface  of  our 
planet  is  covered  with  undulations  and  asperities  which  cause  its 
outline  to  vary  to  infinity ;  and  then  the  soil  is  dry,  or  swampy ; 
it  is  a  moving  desert  of  sand,  or  covered  with  umbrageous  and 

'*'  Humboldt's  Central  Asia^  y.  iii.  p.  98. 
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hnpenefrable  forests ;  add  all  this  causes  correspondiDg  rat 
climate,  for  the  surface  becomes  heated  ia  different  d^^t 
is  in  one  or  other  of  these  conditions.  Another  very  im 
consideration  is,  that  the  surface  is  a  contiDent,  or  an  ia 
the  ocean :  the  climate  of  a  country,  or  of  a  district,  is 
influenced  by  its  proximity  to  or  distance  irom  the  sea 
difficulty,  the  slowness  with  which  such  a  mass  of  liquid 
ocean  becomes  rither  heated  or  cooI(?d,  is  the  cause  of  th 
perate  character  both  of  the  summers  and  winters  of  the 
it  bathes,  and  the  islands  of  moderate  dimensions  it  sur 
As  we  penetrate  great  continents  from  the  sea-board,  v 
that  the  temperature  both  of  summer  and  winter  b 
extreme,  and  the  difference  between  the  mean  summ 
mean  winter  temperature  is  great ;  and  again  we  fim 
places  which  have  considerably  different  latitudes  hare  sti 
nearly  the  same  meati  annual  temperature.  The  mean 
rature  of  Paris  in  latitude  48"  50"  is  about  51.4"  F. ;  t 
London  in  lat.  51*  31"  is  50.7"  F. ;  that  of  Dublin  i 
53"  23"  is  49.1"  F. ;  and  that  of  Edinburgh  in  lat.  55" 
47.4"  F. 

An  island,  a  peninsula,  and  the  sea-shore  consequently  e 
more  temperate  and  equable  climate,  the  summers  less 
the  winters  more  mild.  On  the  shores  of  Glenarm  in  Irdi 
latitude  55",  the  myrtle  vegetates  throughout  the  year 
Portugal ;  it  rarely  freezes  in  winter ;  but  the  heat  of  su 
docs  not  suffice  to  ripen  the  grape.  Under  the  very 
parallel,  however,  at  Kotiigsberg  in  Prussia,  they  experie 
cold  of  17"  and  18"  below  zero  of  Fahrenheit's  scale  i 
winter.  The  ponds  aiid  little  lakes  of  the  Feroe  Is 
although  situated  in  N.  lat.  62",  never  freeze,  and  the 
winter  temperature  is  very  nearly  40"  F.  On  the  coa 
Devonshire,  in  England,  the  winters  arc  so  mild,  that  the  c 
free  ng  a  standard  will  there  carry  fruit ;  and  the  agave  has 
seen  to  flourish,  after  havmg  Uved  both  winter  and  summe 
twenty-eight  years  in  the  open  air  uninjured. 

One  of  the  grand  characteristics  of  what  may  be  cal 
tnaritime  climate,  is  the  less  difference  which  occurs  bel 
the  temperature  of  summer  and  that  of  winter.  At  Ediub 


METBOROLOQT. — TEMPBBATURE.  649 

for  instancei  the  difference  only  amounts  to  1 9^  F. ;  at  Moscow, 
which  is  nearly  on  the  same  parallel,  the  difference  amounts  to 
50®  F. ;  and  at  Kasan  (lat.  56*^  it  is  as  much  as  56.3®  F. 

The  influence  of  extensive  continents,  or  remoteness  from  the 
sea-board)  does  not  seem  merely  to  render  a  climate  extremei 
increasing  at  once  the  heat  of  summer  and  the  cold  of  winter. 
The  collective  observations  on  temperature,  made  in  Europe  and 
in  Asia,  show  that  the  mean  annual  temperature  decreases 
as  we  penetrate  more  into  the  interior  of  continents  towards 
the  east.  Humboldt  ascribes  this  diminution  of  temperature 
partly  to  the  refrigerating  action  of  the  prevailing  winds. 
Whilst  the  mean  annual  temperature  of  Amsterdam  (N.  lat. 
52^22')  is  49.6®  F.,  that  of  BerUn  (N.  lat.  62®  31)  is 
47.4®  F.;  that  of  Copenhagen  (N.  lat.  55®  41')  is  46.7®  F.j 
and  that  of  Kasan  N.  lat.  55®  48')  is  but  35.9®  F. 

The  highest  temperature  which  has  yet  been  registered  as 
occurring  in  the  open  air  appears  to  have  been  observed  by 
Buckhardt  in  Upper  Egypt ;  the  thermometer  indicated 
47.5®  cent.,  upwards  of  117®  F.  The  lowest  was  seen  by 
Captain  Back  in  North  America ;  when  the  thermometer  fell  to 
— .56®  cent.,  68.8®  F.  below  zero. 

§    II.     DECBEASB     OF    TBMPERATUBR     IN    THE     8UPERI0K    STRATA    OF    THE 

ATM08PBERB. 

The  temperature  rises  rapidly  as  we  ascend  in  the  atmosphere; 
places  among  the  mountains  always  possess  a  climate  more  severe 
as  they  are  higher  above  the  level  of  the  sea.  Even  mider  the 
equator,  height  of  position  modifies  the  seasons  so  much,  that 
the  hamlet  of  Antisana,  which  is  within  one  degree  of  south 
latitude,  but  which  is  upwards  of  1 3,000  feet  above  the  sea 
level,  has  a  mean  temperature  which  does  not  differ  much  from 
that  of  St.  Petersburgh.  Near  it,  but  at  a  still  greater  height, 
the  summit  of  Cyambe,  covered  by  an  immense  mass  of  ever- 
lasting snow,  is  cut  by  the  equinoctial  line  itself. 

The  cold  which  prevails  among  lofty  mountains  is  ascribed 
to  the  dilatation  which  the  air  of  lower  regions  experiences  in 
its  upward  ascent,  to  a  more  rapid  evaporation  imder  diminished 
pressure,  and  to  the  intensity  of  nocturnal  radiation. 

XT  2 
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Places  which  are  situated  upon  the  same  mouctai 
nearly  in  the  same  latitude,  and  at  the  same  height,  haD 
very  different  climates.  The  temperature  which  would  b 
to  apUce  perfectly  isolated,  is  necessarily  modified  by  a  c 
able  number  of  circumstances.  Thus  the  radiation  of  beate 
of  considerable  extent,  the  nature  of  the  colour  of  the 
the  thickness  of  the  forests,  the  moistness  or  dryness  of  I 
the  vicinity  of  glaciers,  the  prevalence  of  particular 
hotter  or  colder,  moister  or  dryer,  the  accumulation  of 
&c.,  are  so  many  causes  which  tend  to  modify  the  me 
gical  conditions  of  a  country,  whatever  its  mere  geog) 
position.  The  neighbourhood  of  volcanoes  in  a  state  of 
does  not  appear  to  affect  the  temperature  sensibly ;  thus  J 
Pasto,  Cumbal,  which  have  flaming  volcanoes  towerin 
them,  have  not  warmer  climates  than  Bogota,  Santa  Ro: 
Osos,  Le  Param  de  Herv^,  &c.,  »tuated  on  sandstt 
syenite. 

From  the  whole  series  of  observations  which  I  had  an 
tunity  of  making  on  the  Cordilleras,  it  appears  that  one  de 
temperature,  cent.,  1.8'F.  corresponds  to  195  metres  or  64£ 
of  ascent  among  the  equatorial  Andes.  In  Europe  it  ha 
ascertained  that  the  decrease  of  temperature  in  ascending 
tains  is  more  rapid  during  the  day  than  during  the  night, 
summer  than  during  the  winter  ;  for  example,  between  C 
and  Mount  St.  Bernard,  to  have  the  Fahrenheit  tbermomei 
one  degree,  it  is  necessary  to  ascend : 


In  spring  . 

.     326.1  feet 

.     336.6 

In  autumn 

.     382.2 

In  winter  . 

.     422.2 

L 


It  sometimes  happens,  however,  that  in  winter,  in  a  z 
no  great  elevation,  the  temperature  increases  with  th 
vation,  a  fact  which  Messrs.  Bravais  and  Lottin  observed 
70'  of  N.  latitude,  in  calm  weather ;  at  an  elevation  be 
1312  and  1 640  feet,  the  rise  amounted  to  as  many  as  6" 
grade,  10.8°  Fahrenheit. 

In  no  part  of  the  globe  is  the  diminution  of    tempe 
occa»oned  by  a  rise  above  the  level  of  the  sea  more  remai 
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than  among  equatorial  mountain  ranges ;  and  it  is  not  without 
astonishment  that  the  European,  leaving  the  burning  districts 
which  produce  the  banana  and  cocoa  tree,  frequently  reaches,  in 
the  course  of  a  few  hours,  the  barren  regions  which  are  covered 
with  everlasting  snow.  "  Upon  each  particular  rock  of  the  rapid 
slope  of  the  Cordillera,"  says  M.  de  Humboldt,  "  in  the  series 
of  climates  superimposed  in  stages,  we  find  inscribed  the  laws 
of  the  decrease  of  caloric,  and  of  the  geographical  distribution 
of  vegetable  forms.*" 

In  the  hottest  countries  of  the  earth,  the  summits  of  very 
lofty  mountains  are  constantly  covered  with  snow ;  in  the  ele- 
vated and  cold  strata  of  the  atmosphere,  the  watery  vapour  is 
condensed  and  falls  in  the  state  of  hail  and  snow.  In  the 
plain,  hail  melts  almost  immediately  ;  the  fusion  is  slower  upon 
the  mountains ;  and  for  each  latitude  there  is  a  certain  elevation 
where  hail  and  snow  no  longer  melt  perceptibly.  This  elevation 
is  the  inferior  limit  of  perpetual  snow. 

The  accidental  causes  which  tend  to  modify  the  temperature 
of  a  climate,  also  act  in  raising  or  lowering  the  snow  line.  On 
the  southern  slope  of  the  Himalaya,  for  example,  the  snow  line 
does  not  descend  so  low  as  it  does  upon  the  northern  slope ;  and 
in  Peru,  from  14^  to  16^  of  S.  latitude,  Mr.  Pentland  found 
the  perpetual  snow  line,  at  an  elevation  of  1312  feet  higher 
than  it  is  under  the  equator. 

Elevation  above  the  level  of  the  sea,  consequently,  has  the 
same  effect  upon  climate  as  increase  in  latitude.  Upon  moun- 
tain ranges,  vegetation  undergoes  modification  in  its  forms, 
becomes  decrepid,  and  disappears  towards  the  line  of  perpetual 
snow,  precisely  as  it  does  within  the  polar  circle,  and  for  no 
other  than  the  same  reason ;  viz.,  depression  of  temperature. 

The  constancy  and  the  small  extent  of  variation  which  occurs 
in  the  temperature  of  the  atmosphere  under  the  equator, 
enables  us  to  indicate  with  some  precision,  the  point  of  mean 
temperature  below  which  there  is  no  longer  any  vegetation.  In 
ascending  Chimborazo,  I  met  with  this  point  at  the  height  of 
15774.5  feet,  where  the  mean  temperature  approached  35®  F., 
and  where  consequently  the  saxifrages,  which  root  among  the 
rocksy  must  still  receive  a  temperature  of  from  41®  to  43®  F. 

*  Humboldt's  Central  Am,  vol.  iii.  p.  236. 
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during  the  day,  iaosmuch  as  far  beyond  the  inferior  sdow  lii 
at  an  elevation  of  1 9,685  feet  above  the  sea-line,  I  saw  a  tbon 
meter  suspended  in  the  air,  and  in  the  shade  mark  44.6*  F. 

In  considering  the  extension  of  vegetation  towards  the  po 
r^ionB,  wo  discover  plants  growing  in  very  high  ladtu 
in  places  which  have  a  mean  temperature  much  bdon  tl 
which  I  believe  to  be  the  limit  of  ve^table  life  oa  i 
motintains  of  equatorial  region.  In  these  rigorous  dima 
vt^tation  is  suspended  by  the  severity  of  tbe  cold  during  I 
greater  portion  of  the  year ;  it  is  only  during  tbe  brief  i 
paasing  heat  of  summer  that  the  vegetable  world  wakes  fr 
its  long  winter  sleep.  Nova  Zembla,  lat.  73"  N.,  the  m 
temperature  of  whose  summer  ia  between  34"  and  3a*  F-i 
perhaps,  like  the  perpetual  snow-line  of  the  equator,  the  term 
vegetable  existence.  It  is  also  to  the  v&y  remarkable  heat 
the  summer  in  countries  situated  at  the  northern  extremity 
the  continent  of  Asia,  remarkable  if  it  be  contrasted  with  < 
intensity  of  the  winter  cold,  that  man  succeeds  in  rearing  a  I 
culinary  vegetables  in  those  dreadful  climates.  At  Jakoustk, 
62"  of  N.  lat.,  and  where  mercury  is  frozen  during  t 
months  of  the  year,  the  mean  temperature  of  summer  is  r 
nearly  64"  F.  We  have  here,  as  M.  de  Humboldt  obsen 
"a  well  characterized  continental  dimate^"  examples  of  wh 
indeed  are  frequent  in  the  north  of  America.  At  Jakou; 
wheat  and  rye  sometimes  yield  a  return  of  15  for  1,  althon 
at  the  depth  of  a  yard  the  soil  wliich  grows  them  is  constat; 
frozen.* 

Tbe  limit  of  peipetual  snow  being  much  lower  upon  i 
moimtains  of  Europe  than  in  tropical  countries,  agriculti 
ceases  at  a  raudi  less  elevation.  At  a  height  ot  6560  1 
above  the  level  of  tbe  sea,  the  vegetables  of  the  |dbin  h 
almost  entirely  diBa^}peared.  In  Northern  Switzerland,  the  v 
does  not  grow  at  an  elevation  of  more  than  1 800  feet  above 
sea  hne ;  maize  scarcely  ripens  at  an  elevation  of  2850  £ 
whilst  in  the  Andes,  it  still  aflfbrds  abundant  harvests  at 
elevation  of  8260  feet.  On  the  plateau  or  table  land  of  1 
pBitoa,  fields  of  barley  are  seen  at  upwards  of  10,000  feet  ib 

*  Humboldt'i  Centrd  Aiia.  vcj.  hi,  p,  49. 
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the  level  of  the  sea ;  but  on  the  northern  dope  of  Monte  Rosa, 
in  Switzerland,  barley  fails  at  an  elevation  of  ^out  4260 
feet ;  on  the  southern  slope,  indeed,  it  reaches  a  h^ght  of  about 
6560  feet;  and  this  great  variation  in  the  ultimate  limit  of 
barley  is  frequently  observed  with  reference  to  the  sapie  plant 
grown  upon  opposite  aspects  of  a  mountain  range.  The  di£* 
ference  is  ascribed  to  local  influences ;  thus  it  is  a  well-aaceiw 
tained  &ct  that  on  the  mountains  of  the  northern  hemisphere, 
vegetation  readies  a  much  higher  latitude  upon  southern  than 
upon  northern  exposures ;  but  a  genea^  law,  and  one  apphcablfl 
to  every  latitude,  is  that  the  higher  we  rise  above  the  level  ci 
the  sea,  the  scantier  does  vegetation  become,  the  later  do  har« 
vests  reach  maturity ;  but  as  the  heat  of  the  atmosphere  in- 
creases with  the  elevation,  it  follows  that  there  is  an  obvious 
relation  between  the  time  a  crop  is  upon  the  ground  and  the 
mean  temperature  of  the  place  or  season  where  it  gFOWS.  We 
have  still  to  examine  this  relationship. 

§  III.   MBTEOAOLOOICAL   CIACUMffTANCXS   UKDBB   WHIC0   CXBSAIlf 
PLANTS   OBOW   IN   DIFFEBENT   CLIMATBS. 

In  discussing  the  conditions  of  temperature  under  whidi  the 
various  plants  that  are  common  in  our  European  agriculture 
come  to  maturity,  we  ^e  led  to  condusions  which  are  no(^ 
without  interest.  A  knowledge  of  the  mean  temperature  of  a 
place  situated  between  the  tropics  suffices  of  itself  to  give  us  an 
idea  of  the  nature  of  its  agriculture ;  in  fact,  the  temperature  of 
each  day  differs  little  from  that  of  the  entire  year,  during  which 
vegetable  life  proceeds  without  interruption.  It  is  altogether 
different  with  regard  to  countries  situated  beyond  the  limits  of 
the  tcarid  zone.  The  mean  annual  ten^ierature  is  not  then  a 
datum  sufBdent  to  enable  us  to  appreciate  the  agricultimd  im« 
portanoe  of  a  country.  In  jorder  to  know  what  the  earth  will 
produce,  the  temperature  proper  to  the  different  seasons  of 
the  year  must  be  known ;  in  a  word,  it  is  the  mean  tempera- 
ture of  the  cycle  in  which  vegetation  begins  and  ends  that  it 
imports  us  to  ascertain,  in  order  to  learn  what  the  useful  plants 
are  which  may  be  required  of  the  soiL 

In  examining  the  question  which  now  engages  us,  we  first 
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inquire  what  time  elapses  between  the  sprouting  of  a  plant  and 
its  maturity,  and  then  we  determine  the  temperature  of  the 
interval  which  separates  these  two  extreme  epochs  in  vegetable 
life.     In  comparing  these  data  with  reference  to  the  same  spe- 
cies of  plant  grown  in  Europe  and  America,  we   arrive  at  the 
following  curious  result,  that  the  number  of  days  that  elapse 
between  the  commencement  of  vegetation  and  the  period  of 
ripeness  is  by  so  much  the  greater  as  the  mean  temperature  is 
lower.  The  duration  of  the  life  of  the  vegetable  would  be  the  same, 
however  different  the  climate,  were  this  temperature  identical ;  it 
will  be  longer  or  it  will  be  shorter  as  the  mean  temperature  of 
the  cyde  itself  is  lower  or  higher.     In  other  words,  the  duration 
of  the  vegetation  appears  to  be  in  the  inverse  ratio  of  the  mean 
temperature ;  so  that  if  we  multiply  the  number  of  days  during 
which  a  given  plant  grows  in  different  climates,  by  the  mean 
temperature  of  each  we  obtain  numbers  that  are  very  nearly 
equal     This  result  is  not  only  remarkable  in  so  far  as  it  seems 
to  indicate  that  upon  every  parallel  of  latitude,  at  all  elevations 
above  the   level  of  the   sea,  the  same   plant  receives   in  the 
course  of  its  existence  an  equal  quantity  of  heat,  but  it  may 
find  its  direct  application  by  enabling  us  to  foresee  the  possi- 
bility of  acclimating  a  vegetable  in  a  country,  the   mean  tern- 
perature  of  the  several  months  of  which  is  known. 

CULTIVATION   OF   WHEAT,    ALSACE. 

In  1835  we  sowed  our  wheat  on  the  1st  of  November;  the 
cold  set  in  shortly  after  the  plant  had  sprung,  and  the  harvest 
took  place  the  16th  of  Jidy,  1836.  The  vegetation  during 
the  last  days  of  autumn  is  so  slow  and  irregular,  that  it 
may  be  assumed  without  sensible  error,  that  it  really  begins  io 
spring,  when  the  frosts  are  no  longer  felt ;  from  this  period  only 
does  it  proceed  without  interruption.  For  Alsace,  I  regard  this 
period  as  beginning  with  the  1  st  of  March. 

The  period  of  the  growth  was,  therefore  137  days,  the  mean 
temperature  was  59*^  F.  (8083^  F.) 

Tremois  wheat,  this  same  year,  required  131  days  to  ripen 
under  a  mean  temperature  of  between  60^  and  61^  F.  (79  25*  F.) 

At  Paris,  setting  out  fi^m  the  31st  of  March,  wheat  generally 
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requires  160   days  to   attain  maturity,  the  mean    temperature 
being  about  56^  F.(8960^  F.) 

At  Alais  the  month  of  February  having  generally  but  few 
days  of  heat  it  may  be  regarded  as  the  epoch  when  the  con- 
tinued vegetation  of  autumn  sown  wheat  commences.  The 
harvest  taking  place  on  the  27th  of  June  the  number  of  days 
which  it  requires  to  ripen  is  146,  the  mean  temperature  being 
between  57'  and  58'  F.  (8322'  F.) 

CULTIVATION   OF  WHEAT  IN   AMERICA. 

At  Kingston,  New  York,  the  wheat  is  sown  in  autumn ;  ve- 
getation suspended  through  the  winter  resumes  its  activity  in  the 
beginning  of  April,  and  the  harvest  takes  place  about  the  1st 
of  August.  The  crop  is  therefore  growing  during  about  122 
days  under  the  influence  of  a  mean  temperature  of  63'  F, 
(7680'  F.) 

In  the  same  place  Tremois  wheat  is  sown  in  the  beginning  of 
May,  and  the  harvest  takes  place  towards  the  1 5th  of  August, 
so  that  it  is  106  days  on  the  ground  under  a  mean  temperature 
of  68'  F.    (7208'  F.) 

At  Cincinnati  the  wheat  sown  in  the  end  of  February  is 
harvested  in  the  2nd  week  in  July,  say  the  1 5  th  day,  the  crop 
is  therefore  137  days  on  the  ground  under  a  mean  temperature 
of  between  60'  and  6^  F.  (8288'  F.) 

INTERTROPICAL   REGION. 

Wheat  sown  at  the  end  of  February  was  reaped  on  the  25th 
of  July  at  Zimijaca,  pLiin  of  Bogota,  having  been  147  days  on 
the  groimd,  the  mean  temperature  being  between  58'  and 
59' F.  (8526' F.) 

At  Quinchuqui  the  vegetation  of  wheat  begins  in  February 
and  ends  in  the  month  of  July,  say  181  days ;  and  I  found  tlie 
mean  temperature  to  be  between  57'  and  58'  F. 

At  Venezuela,  according  to  M.  Codazzi,  wheat  to  ripen  re- 
quires 92  days  at  Turmero,  mean  temperature  between  75.2'  and 
76' F.;  (6918'  F.)  100  days  at  Truxillo,  mean  temperature 
72.1' F.  (7210^  F.) 

CULTIVATION   OF   BARLBT. 

Of  all  the  cereals  barley  is  that  which  succeeds  in  the  most 
diversified  climates.     It  comes  to  maturity  under  the  burning 
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heats  of  the  tropics ;  and  in  re^ons  where  the  me«n  a 
stant  temperature  is  scarcely  52'  F.  fields    of  batley 
beauty  are  still  encountered. 

At  Alsace  (Bechelbrouo)  barley  sown  at  the  end  of  A 
harvested  on  the  1st.  of  August.  It  had  remained  92 
the  ground,  the  mean  temperature  having  been  betw 
Bnd67''F.(6U8°F0 

Winter  barley  sown  on  the  Ist  of  November  was  cu 
1st  of  July.     Reckoning  the  period  of  active    vegetatic 
the  1st  of  March  it  was  122  i^ys  in  coming   to    matuj 
mean    temperature    having    been   between    58°    and 
(7076"  F.) 

At  Alais  winter  barley  is  harvested  on  the  1 8th  of  Jui 
suming  that  as  in  the  case  of  wheat  the  ist  of  February 
date  of  commencing  vegetation,  it  must  have  taken  1 37 
come  to  maturity  under  a  mean  temperature  between  £ 
56*  F. 

In  Egypt  upon  the  banks  of  the  Nile  barley  is  sown 
end  of  November,  and  the  harvest  takes  place  at  the 
February,  at  an  interval  therefore  of  90  days,  and  the 
temperature  of  the  winter  at  Cairo  is  nearly  70*  F.    (630 

At  Kingston,  North  America,  the  barley  is  sown  in  tlic 
ning  of  May,  and  the  crop  is  cut  towards  the  beginn 
August  in  about  92  days,  therefore  the  mean  temperatun 
between  66"  to  67*  F. 

At  Cumbal  under  the  line  there  is  no  fixed  period  for  i 
barley.  It  is  generally  put  into  the  ground  on  the  appn 
the  rainy  season  about  the  Ist  of  June,  and  it  is  then 
about  the  middle  of  November ;  it  therefore  stands  c 
ground  for  about  1 68  days,  and  the  mean  ten^)erature 
tween51*and52"F. 

At  Santa  F^  de  Bogota  they  reckon  about  four  nuonti 
tween  the  barley  seed  time  and  harvest,  or  about  122  da 
mewi  temperature  being  between  58*  and  59*  F. 


In   the   neighbourhood   of    BeciielbroDD  the    maize 
sprouted  on  the  Ist  of  June  yielded  an  ahunduit  harvest  < 
1st  of  October,  the  mean  tamperaturi)  having  bem  06^  F. 
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In  South  America  maize  comes  to  maturity  in  the  course  of 
three  mouths,  say  92  days,  the  mean  temperature  beiog  between 
81^  and  82^  F.;  but  on  the  elevated  plains,  as  that  of  Santa 
F4  maize  will  require  six  months  to  come  to  maturity,  say  183 
days,  and  there  the  mean  temperature  is  59^  F, 

CULTIVATION    OF   THE    POTATO. 

In  1836  our  potatoes  at  Bechelbronn  were  put  into  the  ground 
on  the  1st  of  May,  and  the  crop  was  gathered  on  the  15th  of 
October,  after  157  days  therefore,  the  mean  temperature  haying 
been  about  65^  F. ;  but  in  ordinary  years  when  the  temperature 
is  less  elevated  than  that  of  1836  the  potato  crop  is  generally 
gathered  at  the  end  of  October,  after  183  day$,  thd  Qieaa  temr 
perature  having  been  as  before  nearly  59^  F. 

In  the  neighbourhood  of  Alais  potatoes  are  planted  at  the 
end  of  March  and  taken  up  about  the  1st  of  September,  after 
five  months  or  153  days,  the  mean  temperature  of  which  has 
been  70^  F. 

AjCXK}rding  to  M.  Codazzi  potatoes  are  grown  near  the  lake  of 
Valencia,  (Venezuela)  in  120  days,  and  the  mean  temperature 
of  Maracaibo  near  the  lake  is  78^  F. 

According  to  the  same  observe,  the  potato  still  yiekls  good 
crops  at  Merida  in  the  Cordilleras,  where  the  mean  tempera- 
t;ure  is  between  71^  and  72^  F.,  and  the  growth  lasts  about  4i| 
months. 

On  the  temperate  levels  of  New  Granada  at  Santa  F6  I  saw 
potatoes  set  in  the  middle  of  December  immediately  after  the 
rainy  season,  and  the  harvest  was  gathered  in  the  course  of  the 
first  week  in  June,  the  crop  therefore  was  at  least  200  days  in 
the  ground,  the  mean  temperature  having  beai  between  j^8^ 
and  59^  F. 

On  the  occasion  of  my  ascent  of  the  volcanic  mountain, 
Antisana,  I  ate  on  the  4th  of  August  some  potatoes  which  bad 
just  been  gathered,  and  which  had  been  planted  in  the  beginning 
of  November,  so  that  the  crop  had  been  276  days  in  the  groimd, 
the  mean  temperature  of  the  country  being  5  2^  Fahr. 

But  this  is  not  yet  the  superior  limit  to  the  cultivation  of 
potatoes  under  tiie  equator.    They  aro  stiU  grown  at  Cambugan, 
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the  mean  temperature  of  which  scarcely  exceeds  49*  Fahr.  the 
plant  remaining  nearly  eleven  months  in  the  ground,  and  the 
crop  being  frequently  lost  from  frosts  that  occur  at  this  great 
elevation  in  the  course  of  the  months  of  November  and  Januaiy. 

CULTIVATION    OF   THE    INDIGO    PLAKT. 

In  Venezuela,  in  plantations  very  near  the  level  of  the  sea, 
the  first  crop  is  cut  about  eighty  days  after  sowing.  The  mean 
temperature  is  there  between  81^  and  82^  Fahr.  In  other 
countries  where  the  mean  temperature  ranges  between  72*  and 
74^  Fahr.  which  must  be  regarded  as  the  limits  to  the  growth 
of  indigo,  the  first  cutting  takes  place  3^  months  or  106  days 
after  the  sowing.  In  India  the  first  cutting  seems  g:enerally  to 
occur  about  ninety  days  after  the  sowing,  and  the  mean  tempera- 
ture of  the  two  winter  months  and  of  the  summer  months 
when  the  crop  is  on  the  round,  at  Bombay  is  about  76*  Fahr. 

I  shall  terminate  this  section  by  calling  the  attention  of  vegetable 
physiologists  to  a  fact  which  appears  to  have  escaped  them. 
It  is  this :  that  plants  in  general,  those  of  tropical  countries  ven' 
obviously  so,  spring  up,  live,  and  flourish  in  temperatures  that  are 
nearly  the  s<ime.  In  Europe  and  in  North  America,  an  annual 
plant  is  subjected  to  climateric  influences  of  the  greatest  diversity. 
The  cereals,  for  example,  germinate  at  from  43*^  to  47*  or  48*; 
they  get  through  the  winter  alive,  making  no  progress  ;  but  in 
the  spring  they  shoot  up,  and  the  ear  attains  maturity  at  t 
season  when  the  temperature  which  has  risen  gradually^  is  S(HD^ 
what  steady  at  from  74^  to  78^  Fahr. 

In  equinoxial  countries  things  pass  differently :  the  germioa- 
tion,  growth  and  ripening  of  grain  take  place  under  degrees  of 
heat,  which  are  nearly  invariable.  At  Santa-Fe  the  thermometer 
indicates  79^  Fahr.  at  seed,  as  at  harvest  time.  In  Europe  the 
potatoe  is  planted  with  the  thermometer  at  from  50®  to  54®  Fahr. 
and  it  does  not  ripen  until  it  has  had  the  heats  of  July  and 
August.  But  we  have  just  seen  that  this  plant  grows,  dowly 
indeed,  but  regularly,  in  places  where  the  temperature,  nearly 
invariable,  does  not  rise  above  48.2®  or  50®  Fahr. 

Germination,  and  the  evolution  of  those  organs   by  which 
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vegetables  perform  their  functions  in  the  soil  and  in  the  air,  take 
place  at  temperatures  that  vary  between  32^  and  112®  Fahr. ; 
but  the  most  important  epoch  in  their  life,  ripening,  generally 
happens  within  much  smaller  limits,  and  which  indicate  the 
climate  best  adapted  to  their  cultivation,  if  not  always  to  their 
growth ;  for  the  vine  grows  lustily  in  many  places  where  its 
fruit  never  ripens.  To  produce  drinkable  wine,  a  vineyard  must 
have  not  only  a  summer  and  an  autumn  sufficiently  hot ;  it  is 
indispensable  in  addition  that  at  a  given  period,  that  namely 
which  follows  the  appearance  of  the  seeds,  there  be  a  month,  the 
mean  temperature  of  which  does  not  fall  below  19®  cent,  or 
about  66^®  Fahr.,  a  fact  of  which  conviction  may  be  obtained 
from  the  following  table  which  I  borrow  from  M.  de  Hum- 
boldt : 


Temperatare  of 

Temperature 

Temperature  of 

lummer. 

of  autumu. 

the  butlest  month. 

Bordeaux 

70°  Fahr 

58° 

73.3°  F.  very  favourable. 

Frankfort,  A.  M.    65° 

50« 

60.0° 

Lausanne 

.     65.20 

49.70 

65.8° 

Paris 

.     65.80 

52.2° 

66.2° 

Berlin    . 

.     63.2^ 

48.0° 

64.4°  Wine  scarcely  drinkable 

London 

.     62.9« 

51.2<> 

64.1°  Vine  not  cultivated 

Cherbourg 

.     61.9« 

54.4° 

63.2° 

In  high  latitudes  the  disappearance  of  vigorous  vegetation  in 
plants  may  depend  quite  as  much  on  intensity  of  winter  colds 
as  on  insufficiency  of  summer  heat.  The  equable  climate  of 
the  equatorial  regions  are  therefore  much  better  adapted  than 
that  of  Europe  to  determine  the  extreme  limits  of  temperature 
between  which  vegetables  species  of  different  kinds  will  attain 
to  maturity.  Thus  it  has  been  found  that  the  vine  between  the 
tropics  is  productive  in  temperatures  that  vary  from  69^  F.  to 
79^  or  80^.  I  shall  terminate  with  a  list  of  the  temperatures 
favourable  to  the  particular  vegetables  in  the  success  of  which 
man  is  more  especially  interested. 


Maximum. 

Uiiilmuin. 

The  coco,  or 

chocolate  bean   .     82«  F. 

730  F. 

Banana 

64*^ 

Indigo 

710 

Sugar-cane 

71° 

Cocoa-nut  . 

78° 

Palm  . 

78^ 

660 
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Hmman. 

Tohraa)      .        .        . 

82- F. 

65' 

Manibot      .        .        i 

*      » 

78" 

Cotton-tree 

,. 

67' 

Melie         .        . 

„ 

SS- 

Haricote      . 

„ 

59" 

Orehil 

„ 

72' 

Rice    .... 

7S> 

Cdebuh      .         .         . 

„ 

73f 

Carica  papaya      . 

„ 

66" 

Pine-apple  . 

„ 

SB- 

Melon 

GT- 

Vanilla        . 

es* 

Onaduas      . 

77" 

Thevine      . 

73» 

TV 

Coffee 

.     79 

74» 

Anis  .... 

77' 

66* 

Wheat 

74-  (?) 

74- 

Bmley        .        .        . 

74" 

69" 

Potatoes     . 

»5'(?) 

52° 

Aracliaca    . 

75" 

49- 

Flax  . 

74° 

54° 

Apple          .        . 

72» 

69° 

Oali  . 

67° 

61° 

When  the  sky  is  clear  and  calm  durmg  the  night,  ve^taU 
down  and  very  soon  show  a  temperature  inferior  to  that  of 
which  Burrounds  them.  This  property  of  cooling  in  aucii  a 
stances  belongs  to  all  bodies ;  but  aU  do  not  possess  it 
same  degree.  Organic  substances,  for  instance,  such  as  w 
cotton,  feathers,  &c.,  radiate  powerfully  and  unk  low ;  pc 
metals  on  the  contrary  have  a  very  weak  emissive  or  rad 
power ;  and  air  and  the  gases  in  general  radiate  still  more  I 

Inasmuch  as  a  body  is  continually  emitting  heat  its  tec 
ture  can  only  remain  stationary  so  long  as  it  receives  firoi 
rounding  objects  at  every  instant  a  quantity  of  caloric  pr 
equal  in  quantity  to  that  which  it  loses  from  its  surface. 

From  the  moment  that  these  incessant  exchanges  cease 
in  a  state  of  perfect  equality,  the  temperature  of  a  body  \ 
it  may  even  experience  a  considerable  degree  of  cooling  if 
exposed  during  a  clear  night  in  ah  open  spot.  In  such  d 
stances,  a  body  gives  off  tpwards  all  the  visible  parts  i 
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hearetis  mote  heat  than  it  receives ;  for  the  higher  regions  of  the 
atmosphere  are  excessively  cold,  a  fact  which  is  proved  by  the 
rapid    diminution  of    temperature    experienced   on    ascending 
mountains,  or  by  rising  into  the  air  ih  balloons.     The  internal 
temperature  of  the  globe,  the  tendency  of  which  would  be  to 
compensate  the  loss  experienced  by  the  body  which  radiates,  has 
scarcely  any  effect  in  lessening  the  cooling,  because  it  is  propa^- 
gated  with  extreme  slowness,  in  consequence  of  the  indifferent 
conducting  powers  of  the  earthy  substances  of  which  its  crust  is 
composed.     The  air,  lastly,  which  surrounds  the  radiating  body, 
does  not  warm  it  save  in  the  most  minute,  inappreciable  degree, 
and  rather  by  its  contact  than  by  transmitting  to  it  rays  of  heat, 
for  the  gases  have  only  very  limited  emissive  powers.     It  is  even 
in  consequence  of  the  small  amount  of  this  power  that  the 
stratum  of  air  in  contact  with  the  surface  of  the  ground,  does 
not  by  any  means  sink  in  the  same  proportion  as  the  surface 
upon  which  it  lies.     Thus,  in  the  circumstances  which  I  have 
indicated,  a  thermometer  laid  upon  the  ground  always  indicated 
a  temperature  lower  than  that  which  is  prodaimed  by  one  sus- 
pended in  the  air ;  and  the  difference  is  by  so  much  the  greater 
as  the  radiating  power  of  the  bodies  exposed  is  more  decided  of 
as  it  may  take  place  into  a  greater  extent  of  the  heavens.    Every 
cause  which  agitates  the  air,  which  disturbs  its  transparency, 
which  contracts  the  extent  of  the  visible  sphere,  interferes  with 
nocturnal  radiation,  and  therefore  with  cooling.     A  cloud,  like 
a  screen,  compensates  either  in  whole  or  in  part  according  to  its 
proper  temperature,  for  the  loss  of  heat  which  a  body  upon 
the  surface  of  the  earth  experiences  in  radiating  into  space. 
Wind  by  continually  renewing  the  air  which  is  in  contact  with  the 
Surface  of  bodies  tending  to  cool  by  radiation,  always  diminishes 
its  effect  to  a  certain  extent.  It  is  for  this  reason  that  a  cloudless 
sky  and  a  calm  atmosphere,  when  nocturnal  radiation  attains  its 
maximum,  are  most  dang^oiis  or  injurious  to  our  harvests. 

In  a  night  which  combines  all  the  conditions  favourable  to 
radiation,  a  thermometer  of  small  size  laid  upon  the  grass  will 
be  found  to  mark  from  10®  to  14®  or  15®  Fahr;  below  the 
temperature  of  the  surroimding  atmosphere.  Thus  in  the 
temperate  zone  in  Europe  as  Mr.  Danidl  has  obsared^  the 
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temperature  of  meadows  and  heaths  is  liable  to  iall  duii 
months  of  the  year  by  the  mere  effect  of  nocturnal  radiati 
temperature  below  the  freezing  point  of  water  ;  this  is  ] 
larly  apt  to  happen  both  in  spring  and  autumn,  when  tb 
tractive  effects  of  radiation  are  most  to  be  apprehend' 
nocturnal  radiations  of  those  seasons  frequently  loweri 
temperature  several  degrees  helow  the  freezing  point. 

A  few  observations  which  I  made  upon  nocturnal  n 
at  different  heights  in  the  Cordilleras,  seem  to  indicate  t 
effects  there  are  less  decided  than  in  Europe,  in  conse 
perhaps  of  the  greater  quantity  of  heat  acquired  by  the  \ 
in  the  course  of  the  day.  It  appears  that  in  this  rot 
range  it  rarely  freezes  at  a  height  less  than  6560  feet  ab( 
level  of  the  sea ;  although  there  are  certain  circumstance! 
which  favour  nocturnal  radiation  so  much  that  it  is  real 
possible  to  indicate  any  very  precise  limits.  In  a  gener 
it  may  be  said  that  the  crops  of  those  plains  which  ai 
ficiently  elevated  to  have  a  mean  temperature  of  from  50* 
Fahr.  are  exposed  to  suffer  from  frost ;  it  frequently  b 
that  8  crop  of  wheat,  barley,  miuze,  or  potatoes,  of  the 
appearance,  is  destroyed  in  a  single  night  by  the  effect  of 
tion.  In  Europe  during  the  fine  nights  of  April  and 
when  the  air  is  t^m  and  the  sky  clear,  buds,  leaves,  and 
shoots  are  frequently  cut  off,  are  frozen ;  in  a  word,  alt 
a  thermometer  in  the  air  indicates  several  degrees  above  tht 
of  congelation.  Market  gardeners  and  others  who  are  inu< 
posed  to  loss  from  this  cause,  ascribe  the  effect  to  the  light 
moon  of  the  months  of  April  and  May ;  and  th^  groum 
opinion  upon  the  fact  that  when  the  sky  is  clouded,  the  de 
live  effects  of  frost  are  not  apparent,  dthough  the  same 
perature  of  the  atmosphere  be  indicated  by  the  thermometi 
In  the  lower  ranges  of  the  Cordilleras,  farmers  also  ascril 
same  injurious  consequences  to  the  light  of  the  moon,  wit 
difference,  that  according  to  them  the  destructive  influeno 
tinues  throughout  the  year ;  and  it  is  not  unworthy  of  n 
_  f  that,  in  the  neighbourhoods  of  Paris  and  of  London,  the 

temperature  of  the  months  of  April  and  May  (from  i 
67',  or  58*  F.)  represents  exactly  the  invariable  dimiUe  of 
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places  among  the  Andes,  where  the  effects  of  frost  upon  vege- 
tation are  particularly  to  be  apprehended.  M.  Arago  has  shown, 
that  the  cold  ascribed  to  the  light  of  the  moon  is  nothing  but 
a  consequence  of  the  nocturnal  radiation,  at  a  season  when  the 
thermometer  in  the  air  is  frequently  at  from  40*^  to  43^  F.  and  the 
sky  is  dear  and  calm.  At  this  temperature  a  plant,  radiating  into 
space,  readily  falls  below  the  point  of  congelation,  and  then  the 
hopes  of  the  gardener  and  farmer  are  destroyed.  The  pheno- 
menon takes  place  particularly  in  a  bright  night :  and  if  the 
moon  happen  to  be  up  when  it  occurs,  the  influence  is  as- 
cribed by  the  vulgar  to  her  light.  Were  the  sky  clouded,  the 
principal  condition  to  radiation  would  be  wanting ;  the  tempera- 
ture of  objects  on  the  surface  of  the  ground  would  not  fall  below 
that  of  the  surrounding  medium,  and  plants  would  not  freeze 
unless  the  air  itself  fell  to  32^  F. 

The  observation  of  gardeners,  therefore,  as  M.  Arago  re- 
marks, was  not  in  itself  false,  it  was  only  incomplete.  If  the 
freezing  of  the  soft  and  delicate  parts  of  vegetables  in  circum- 
stances when  the  air  is  several  degrees  above  the  freezing  point, 
be  really  due  to  the  escape  of  caloric  into  planetary  space,  it 
must  happen  that  a  screen  placed  above  a  radiating  body,  so  as 
to  mask  a  portion  of  the  heavens,  will  either  prevent  or  at  least 
diminish  the  amount  of  the  cooling.  And  that  this  takes  place 
in  fact,  appears  from  the  beautiful  experiments  of  Dr.  Wells.  A 
thermometer,  placed  upon  a  plank  of  a  certain  thickness,  and 
raised  about  a  yard  above  the  ground,  occasionally  indicates  in 
dear  and  calm  weather  from  6^  to  7^  or  8^  F.  less  than  a  second 
thermometer  attached  to  the  lower  surface  of  the  plank.  It  is 
in  this  way  that  we  explain  the  use  of  mats,  of  layers  of  straw, 
in  a  word,  of  all  those  slight  coverings  which  gardeners  are  so 
careful  to  supply  during  the  night  to  delicate  plants  at  certain 
seasons  of  the  year.  Before  men  were  aware  that  bodies  on  the 
surface  of  the  ground  became  colder  than  the  air  which  sur- 
rounds them  during  a  clear  night,  the  rationale  of  this  practice 
was  not  apparent ;  for  it  was  altogether  impossible  to  conceive 
that  coverings  so  slight  could  protect  vegetables  from  a  low  tem- 
perature of  the  air. 

The  means  indicated,  as  simple  as  they  are  effectual  in  pro- 

u  u 
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tecting  pUnt.'t  in  the  garden,  are  nmty  xppGcable  in  ^rtci] 
where  the  «nrfa«;  to  be  preserved  is  always  vtry  oiecs 
XeverthcIfTSs,  in  severe  winters,  the  frost  bv  penetr^iK 
grounii  woulrl  frequently  deafroy  the  fields  sc-wn  in  autumn. » 
it  not  that  in  high  latitudes  the  snow  whkfa  ijovers  tht  =at: 
\>t^>ttii!,  a  powerful  obstade  to  excessive  cooling,  by  aismr 
one  and  the  same  time  as  a  covering,  and  as  a  screen  prenu 
radiation.  As  a  covering,  because  snow  is  one  oi  the  v 
of  conductors,  one  of  those  substances  wbicfa  for  a  given  ducki 
opposes  the  passage  a[  heat  most  effectually ;  it  is  tboelon 
obstacle  almost  insurmountable  to  the  earth  beneath  it  geo 
into  cfjuilibrium  in  point  of  tempfrature  with  the  atmospb 
As  a  screen,  l>ecausc  in  sheltering  the  ground  it  preveoc 
irr>m  undfTgoing  the  cooling  whidi  it  would  not  &il  to  a 
rience  in  lit^r  nights  bv  radiation  into  the  open  tinnameDL 
is  &niiUarly  known  in  many  parts  of  Europe,  that  the  accide 
want  of  the  usual  covering  of  snow  will  cause  the  kfis  of 
autumn  sown  crops  of  grain.  It  is  od  the  surface  of  the  s 
that  the  great  depression  of  temperature  takes  place  ;  and 
substance  being  a  very  bad  conductor,  the  earth  cools  i 
much  less  degree.  In  the  month  of  February,  1 84 1 ,  I  n 
some  exijcriments,  which  show  that  the  snow  which  covets 
ground  arts  in  the  manner  of  a  screen.  I  had  first  a  tixr 
meter  upon  the  snow,  the  bulb  of  the  instrument  being  cove 
by  from  0.078  to  0.1 17  of  an  inch  of  snow  in  powder;  sect 
a  thermometer,  the  bulb  of  which  was  situated  completely  ui 
the  layer  of  snow  in  contact  with  the  ground  ;  third,  a  ther 
meter  in  the  open  air,  at  about  37  or  38  feet  above  the  suii 
on  the  north  of  a  buUding.  The  layer  of  snow  was  about 
mches  m  thickness,  and  had  covered  a  field  sown  with  wheal 
a  month.  The  sun  shone  brighUy  upon  the  field  on  those  . 
when  my  experiments  were  made. 

»,iH?'''/';i.  ^"^  "'"^'^^  '"  ^-^^  ^""'"e;  the  sun  has  1 
bddcn  by  the  mountains  for  half  an  hour ;  the  sky  is  undo« 
the  a.r  very  calm  :  thermometer  under  the  snow  S 
therm^ncter  upon   the  snow.    29"  F. ;    thermom^Sr  t 

Feb.  12.     The  night  veiy  fine,  no  clouds,  the  air  calm 
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seven  o'clock  in  the  morning  the  sun  5s  not  yet  upon  the  field  : 
thermometer  under  the  snow,  26.2®  F. ;  thermometer  upon  the 
snow,  10®  F. ;  thermometer  in  the  air,  26.3®  F. 

At  half-past  five  in  the  evening,  the  sun  behind  the  moun- 
tains :  thermometer  under  the  snow,  32®  F. ;  thermometer  upon 
the  snow,  29®  F. ;  thermometer  in  the  air,  37.5®  F. 

Feb.  13.  At  seven  in  the  morning;  the  sky  grey,  the  air 
slightly  in  motion  :  thermometer  under  the  snow,  28®  F. ;  ther- 
mometer upon  the  snow,  1 7®  F. ;  thermometer  in  the  air,  25®  F. 

At  half-past  five  in  the  evening ;  the  air  calm,  the  sky  cloud- 
less, the  sun  already  concealed  for  some  time:  thermometer 
under  the  snow,  32®  F. ;  thermometer  upon  the  snow,  30®  F. ; 
thermometer  in  the  air,  40®  F. 

Feb.  14.  Seven  in  the  morning,  wind  W.,  a  fine  rain  falling: 
thermometer  under  the  snow,  32®  F. ;  thermometer  upon  the 
snow,  32®  F.;  thermometer  in  the  air,  35.7®  F. 

When  we  reflect  upon  the  losses  occasioned  to  farmers  and 
market  gardeners  by  frosts  that  are  entirely  due  to  nocturnal 
radiation  at  seasons  of  the  year  when  vegetation  has  already 
made  considerable  progress,  we  ask  eagerly  if  there  be  no  pos- 
sible means  of  guarding  against  them.  I  shall  here  make  known 
a  method  imagined  and  successfully  followed  by  South  American 
agriculturists  with  this  view.  The  natives  of  the  upper  country 
in  Peru  who  inhabit  the  elevated  plains  of  Cusco  are  perhaps 
more  than  any  other  people  accustomed  to  see  their  harvest  de- 
stroyed by  the  efi^ects  of  nocturnal  radiation.  The  Incas  appear 
to  have  ascertained  the  conditions  under  which  frost  during  the 
night  was  most  to  be  apprehended.  They  had  observed  that  it 
only  froze  when  the  night  was  clear  and  the  air  calm  :  knowing 
consequently  that  the  presence  of  clouds  prevented  frost,  they 
contrived  to  make  as  it  were  artificial  clouds  to  preserve  their 
fields  against  the  cold.  When  the  evening  led  them  to  appre- 
hend a  frost,  that  is  to  say  when  the  stars  shone  with  brilliancy, 
and  the  air  was  still,  the  Indians  set  fire  to  a  heap  of  wet  straw 
or  dung,  and  by  this  means  raisexi  a  cloud  of  smoke,  and  so  de- 
stroyed the  transparency  of  the  atmosphere  from  which  they  had 
so  much  to  apprehend.  It  is  easy  in  fact  to  conceive  that  the 
transparency  of  the  air  can  readily  be  destroyed  by  raising  a 
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smoke  in  calm  weather ;  it  would  be  otherwise  were  there  any 
wind  stirring ;  but  then  the  precaution  itself  becomes  unnecessary, 
for  with  air  in  motion,  with  a  breeze  blowing  there  is  no  reason 
to  apprehend  frost  from  nocturnal  radiation. 

The  practice  followed  by  the  Indians  just  described  is  men- 
tioned by  the  Inca  Garcillaso  de  la  Vega  in  his  Royal  Commen- 
taries of  Peru.  Garcillaso  in  the  imperial  city  of  Cusca  and 
in  his  youth  had  frequently  seen  the  Indians  raise  a  smoke  to 
preserve  the  fields  of  maize  from  the  frost.* 

The  cooling  of  bodies  occasioned  by  nocturnal  radiation 
is  always  accompanied  by  a  deposit  of  moisture  upon  their  sur- 
face  under  the  form  of  minute  globules :  this  is  dew.  The 
ingenious  experiments  of  Wells  having  demonstrated  that  the 
appearance  of  dew  always  follows,  never  precedes  the  fall  in  tem- 
perature of  the  bodies  on  which  it  is  deposited,  the  phenomenon 
cannot  be  attributed  to  anything  more  than  a  simple  condensa- 
tion of  the  watery  vapour  contained  in  the  air,  comparable  in  all 
respects  to  that  which  takes  place  upon  the  surface  of  a  vessd 
containing  a  fluid  that  is  colder  than  the  air.f  The  quantity 
of  moisture  dissolved  in  the  atmosphere  is  by  so  much  the 
greater  as  the  temperature  is  higher.  In  very  warm  climates 
the  dew  is  so  copious  as  to  assist  vegetation  essentially,  supplying 
the  place  of  rain  during  a  great  part  of  the  year. 

According  to  some  meteorologists  dew  is  most  copious  near 
the  sea  board  of  a  country ;  very  little  falls  in  the  interior  of 
great  continents,  and  indeed  is  said  only  to  be  ap>parent  in 
the  vicinity  of  lakes  and  rivers.J  I  cannot  agree  in  any  statement 
of  this  kind  made  so  absolutely.  I  have  never  had  occasion 
to  see  more  copious  dews  than  those  which  occasionally  fall  in 
the  steppes  of  San  Martin  to  the  east  of  the  eastern  Cordilleras, 
and  at  a  very  great  distance  from  the  sea ;  the  dew  was  so  copious 
that  for  several  nights  I  found  it  impossible  to  employ  an 
artificial  horizon  of  black  glass  in  order  to  take  the  meridian 
altitude    of    the   stars;    the    moment  the  apparatus  was  ex- 

♦  The  good  effects  of  smoke  in  preventing  nocturnal  congelation  are 
also  signalized  by  Pliny  the  naturalist. 

t  Arago,  Annuaire  des  Longitudes,  Ann^  1837,  p.  160. 

I  Kaemtz  Meteorology,  translated  by  W.  Walker,  London,  1844. 
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posed  there  was  such  a  quantity  of  water  deposited  on  the  sur- 
face that  it  soon  gathered  into  drops  and  trickled  off.  I  found 
it  necessary  to  have  recourse  to  mercury  to  reflect  the  star  under 
observation.  During  the  dear,  calm  nights  the  turf  of  these 
immense  plains  receives  a  considerable  quantity  of  moisture  in 
the  form  of  dew,  which  materially  assists  vegetation  and  by  its 
evaporation  tempers  the  excessive  heat  of  the  ensuing  day.  In 
tropical  countries,  the  forests  contribute  to  keep  down  the  tem- 
perature. In  very  hot  countries  it  is  rare  to  be  out  in  a  cleared 
spot,  when  the  night  is  favourable  to  radiation,  without  hearing 
drops  of  water,  produced  by  the  copiousness  of  the  dew,  falling 
continually  from  the  surrounding  trees,  so  that  forests  contribute 
further  to  produce  and  to  maintain  springs  by  acting  as  con- 
densers of  the  watery  vapour  dissolved  in  the  air.  I  might  cite 
a  number  of  observations  upon  this  point  which  I  made  in  the 
forest  of  Cauca.  In  the  bivouac  between  the  4th  and  5th  of  July, 
1827,  the  night  was  magnificent;  nevertheless  in  the  forest 
which  began  at  the  distance  of  a  few  yards  from  our  encamp- 
ment, it  rained  abundantly  ;  by  the  light  of  the  unclouded  moon 
we  could  see  the  water  running  from  the  branches. 

It  is  possible  that  the  transpiration  fit)m  the  green  parts  of 
the  trees  might  have  been  added  to  the  dew  condensed,  and  so 
increased  the  intensity  of  the  phenomenon  which  I  have  described ; 
but  I  rather  incline  to  believe  that  the  cooling  of  the  leaves  by 
way  of  radiation  had  by  far  the  larger  share  in  the  production 
of  this  dew  rain.  It  is  true  that  of  all  the  leaves  which  form  the 
crown  of  a  tree,  those  whose  surface  is  exposed  and  radiate  freely 
into  space  intercept,  as  would  a  screen,  the  radiation  of  the  leaves 
and  branches  which  are  not  so  exposed ;  but  as  M.  de  Humboldt 
has  observed,  if  the  leaves  and  branches  which  crown  a  tree  cool 
directly  by  emission,  those  which  are  situated  immediately  be- 
neath them  by  radiating  towards  the  lower  parts  of  the  leaves 
which  are  already  cooled  a  greater  quantity  of  heat  than  they 
receive,  their  temperature  will  also  necessarily  fall,  and  the  cool- 
ing will  thus  be  propagated  from  above  downwards  until  the 
whole  mass  of  the  tree  feels  its  eflfects.  It  is  thus  that  the 
ambient  air  circulating  through  the  leaves  becomes  cooled 
during  bright  nights,  and  to  judge  from  the  influence  which 
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forests  exert  in  lowering  the  temperature  of  a  country,  it  is 
enough  to  recollect  with  M.  de  Humboldt  that  by  reason  of  the 
vast  multiplicity  of  leaves,  a  tree,  the  crown  of  which  does  not 
present  a  horizontal  section  of  more  than  about  1 20  or  1 30 
square  feet,  actually  influences  the  cooling  of  the  atmosphere  bj 
an  extent  of  surface  several  thousand  times  more  extensive  than 
this  section. 

The  proportion  of  watery  vapour  which  a  gas  will  retain  in 
solution  is  by  so  much  the  more  as  the  temperature  of  the  air 
is  higher.  All  the  causes  which  cool  air  saturated  with  watery 
vapour  occasion,  as  we  have  already  seen,  the  precipitation  of  a 
certain  quantity  of  moisture. 

When  this  condensation  takes  place  in  the  midst  of  a  gaseous 
mass  the  precipitated  water  collects  into  small  floating  vesides, 
which  trouble  the  transparency  of  the  medium  that  momenta- 
rily hold  them  in  suspensions.  Mists,  fogs  and  clouds  are  col- 
lections of  these  vesicles ;  a  fog,  as  a  celebrated  naturalist  said,  b 
a  doud  in  which  one  is^  and  a  doud  is  a  fog  in  which  one  is  not 

The  vesicles  of  clouds  tend  towards  the  earth,  like  all  heavy 
bodies,  but  by  reason  of  their  specific  lightness  the  resistance  of 
the  air  which  they  displace  lessens  the  rapidity  of  their  descent. 
When  they  are  of  larger  size  they  coalesce  and  form  drops  of 
water  which  fall  with  greater  celerity.  When  these  drops  pass 
through  strata  of  very  dry  air  they  undergo  partial  evaporation, 
and  this  is  the  reason  wherefore  there  is  sometimes  less  rain  upon 
plains  than  upon  mountains.  In  opposite  circumstances  it  is 
the  inverse  phenomenon  that  is  observed ;  the  drops  increase  in 
size  in  passing  through  the  inferior  strata  of  an  atmosphm 
saturated  with  moisture  condensing  vapour  in  their  course. 
This  is  what  happens  most  generally. 

In  taking  a  survey  of  a  large  amount  of  observations,  meteo- 
rologists have  inferred  that  the  annual  quantity  of  rain  varies 
with  the  latitude ;  that,  greatest  at  the  equator,  it  gradual)^ 
lessens  as  higher  northern  and  southern  latitudes  are  attained ; 
this  is  as  much  as  saying  that  the  quantity  of  rain  is  greater 
as  the  temperature  of  the  climate  is  higher.  But  to  this  rde 
there  are  numerous  exceptions ;  for  instance,  under  the  line  at 
Payta  on  the  sea  coast  it  only  rains  very  rarely ;  a  shower  of 
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rain  is  an  event ;  and  when  I  visited  the  country  eighteen  years 
had  elapsed  since  they  had  had  anything  of  a  fall  of  rain.  Lo- 
cal causes  have  the  greatest  influence  upon  the  fall  of  rain,  so 
that  countries  on  the  same  panJlel  of  latitude  are  far  from  being 
equally  distinguished  by  dryness  or  humidity. 

It  is  believed  that  in  Europe  it  rains  more  heavily  and  more 
frequently  in  the  day  than  in  the  night.  In  the  equinoxial  regions, 
at  least  in  those  parts  that  I  have  visited,  it  would  seem  that 
the  opposite  rule  held  good.  Every  one  in  South  America  al- 
lows that  it  rains  principally  during  the  night,  and  the  observa- 
tions which  I  made  in  the  neighbourhood  of  Marmato  enable 
me  to  state  that  of  7.874  inches,  of  rain  which  fell  in  the 
month  of  October,  1.336  inches  fell  in  the  day,  5.738  inches 
in  the  night;  of  8.881  inches  which  fell  in  the  month  of 
November  0.707  inches  came  down  in  the  dav,  8.174  inches 
in  the  night ;  of  5.934  inches  which  fell  in  December  0.786 
inches  fell  in  the  day,  5.148  inches  in  the  night. 

Two  series  of  observations  taken  in  the  same  country  at  two 
stations  not  far  from  one  another,  but  situated  at  very  different 
elevations,  seem  to  confirm  in  reference  to  the  equatorial  regions 
the  conclusions  of  E\u*opean  meteorologists  as  to  the  fact  that  the 
annual  quantity  of  rain  which  falls  diminishes  as  the  height 
above  the  level  of  the  sea  increases.  They  also  show  that  in 
latitudes  which  do  not  differ  materially,  more  rain  falls  where  the 
mean  temperature  is  68*^  F.  than  where  it  is  58®F. 

Marmato  lies  in  N.  lat.  5^  27",  and  75^  1 1"  (?)  W.  long,  at  a 
height  of  4676  feet  above  the  level  of  the  sea;  Santa  F^  in 
N.  lat.  4^  36^  W.long.  75^  6''  at  a  height  of  8692  feet  above 
the  level  of  the  sea.  And  whilst  the  quantity  of  rain  at  the 
former  place  amounted  according  to  my  own  observations  for 
1833  to  60  inches,  according  to  Caldas  in  1807  at  the  latter 
there  fell  but  39.4  inches. 

In  temperate  climates  the  quantity  of  rain  that  falls  varies 
with  the  seasons.  Near  the  equator,  where  the  temperature  re- 
mains constant  throughout  the  year,  the  rainy  season  commences 
precisely  at  the  period  when  the  sun  approaches  the  zenith,  and 
whenever  the  latitude  of  a  place  in  the  torrid  zone  where  it  rains 
is  of  the  same  denomination  and  equal  to  the  declination  of  the 
sun,  storms  occur.     In  such  drcumstances  the  sky  in  the  morn- 
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iug  is  of  remarkable  purity,  tbe  air  is  calm,  the  heat  tX  tbi 
insupportable.  Towards  dood  doufls  begin  to  show  tl 
selres  upon  the  borizoQ,  tbe  hygrometer  does  not  idnoc 
wards  dryness  as  it  usually  does,  it  remains  staciooary,  or 
&Ils  towards  extreme  humidity.  It  is  always  after  tbe  su 
passed  the  meridian  that  the  thunder  is  heard,  whidi  I 
preceded  by  a  light  wind  is  soon  foDowed  by  a  deluge  <£ 
In  my  opinion  the  permanence  or  incessant  renovation  of  st 
in  the  bosom  of  the  atmosphere  is  a  capital  fact,  and  is  cona 
with  one  of  the  most  important  questions  in  tbe  physics  ol 
globe,  that  of  the  fixation  of  the  azote  of  the  air  by  orga 
beings. 

The  most  recent  inquiries  show  dry  atmosjrfierical  wr  to 
sist  in  volume  of: 

Oiygen  .        .     20.8 

Azote  .         .      79.S 

The  air  contains  in  addition  from  2  to  5/1 0,000ths  of 
bonic  acid  ga.<<,  and  quantities  perhaps  still  smaDer  of  carbur 
combustible  gas.  The  experiments  of  M.  Theodore  de  Saus 
as  well  as  those  of  Professor  Licbig,  have  further  demonst 
in  it  traces  of  ammoniacal  vapour. 

1  have  ah-eady  shown  that  animals  do  not  directly  assln 
the  azote  of  the  atmosphere.  Azote  is  nevertheless  an  elei 
essential  to  the  constitution  of  every  living  being,  and  is 
with  indifferently  in  either  kingdom  of  nature.  If  we  in< 
into  the  source  of  this  prinraplc  in  connexion  with  the  bed 
rous  tribes  of  animals,  we  6nd  it  as  an  element  in  the  food  » 
sustains  them.  If  we  next  inquire  into  the  immediate  orig 
the  azote  which  enters  into  the  constitution  of  vegetable^ 
discovered  in  the  manure  which  proceeds  more  especiallv 
animal  remains;  for  vegetables,  to  thrive,  must  receive  azo 
aliment  by  then-  roots.  We  thus  come  to  apprehend  that  p 
supply  ammab  with  their  azote,  and  that  these  r^re 
pW  when  the  term  of  their  existence  is  ac«,mplisS^  « 
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in  some  sort  determined  by  the  quantity  of  azote  in  circulation 
among  organized  beings ;  but  the  question  must  be  viewed 
from  a  loftier  eminence,  and  we  must  ask  what  is  the  origin  of 
the  azote  wliich  enters  into  the  constitution  of  organic  matter 
considered  as  a  whole  ? 

If  we  now  turn  to  the  possible  sources  or  magazines  of  azote, 
we  shall  find,  setting  aside  organized  beings  and  their  remains, 
that  there  is  in  truth  but  one,  the  atmosphere.  It  is,  therefore, 
extremely  probable  that  all  living  beings  have  previously  ob- 
tained their  azote  from  the  atmosphere,  just  as  it  seems  very 
certain  that  they  have  thence  derived  their  carbon.* 

The  most  reasonable  supposition  in  the  actual  state  of  science, 
is  to  consider  the  ammoniacal  vapours  diffused  through  the 
atmosphere  as  the  prime  source  of  the  azotised  principles  of 
vegetables,  and  then  through  them  of  animals ;  a  consequence 
of  which  hypothesis  would  be  to  assume  with  Liebig,  that  car- 
bonate of  ammonia  existed  in  the  atmosphere  before  the  appear- 
ance of  living  things  upon  the  face  of  the  earth. 

The  phenomena  and  effects  of  thunder-storms  appear  to  me 
calculated  to  support  this  opinion.  It  is  known,  in  fact,  that  so 
often  as  a  sua*ession  of  electrical  sparks  passes  through  moist 
air,  there  is  formation  and  combination  of  nitric  acid  and  ammo- 
nia. Now  nitrate  of  ammonia  is  one  of  the  constant  ingredients  in 
the  rain  of  thunder-storms.  But  nitrate  of  ammonia  being  a 
fixed  salt,  cannot  exist  in  the  atmosphere  in  the  state  of  gas  or 
vapour ;  and  then  it  is  not  the  nitrate,  but  the  carbonate  of 
ammonia  that  has  been  signalized  in  the  air.  In  bringing  to 
mind  the  series  of  reactions  of  which  I  have  spoken,  it  is  not 
difficult  to  perceive  how  the  nitrate  of  ammonia,  precipitated  in 
thunder  showers,  and  thus  brought  into  contact  with  calcareous 
rocks  should  suffer  decomposition,  pass  into  the  state  of  car- 
bonate on  the  return  of  fair  weather,  and  become  fitted  to 
undergo  diffusion  in  the  state  of  vapour  through  the  atmosphere. 
We  should  in  this  way  be  led  to  regard  the  electrical  agency,  the 
flash  of  lightning,  as  the  means  by  which  the  azote  of  the  atmo- 
sphere is  made  fit  for  assimilation  by  organized  beings.  In 
Europe,  where  thunder-storms  are  rare,  an  office  of  so  much 

*  Boussingault,  Annales  de  Chimie,  t.  lxxi,  1839. 
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importance  will  perhaps  be  accnrded  reluctantly  to  the  el' 
of  the  clouds;  but  in  tropical  countries,  no  difficulty 
probably  be  felt  on  the  matter.  In  the  torrid  zone,  t 
storms  happen  in  one  place  or  another  not  only  everv  i 
every  hour,  and  even  every  minute  of  every  hour  througl 
year;  so  that  an  observer,  placed  at  the  equator,  v 
endowed  with  organs  of  sufficient  delicacy,  would  never  '. 
roll  of  the  thunder. 

As  the  equator  is  quitted,  the  times  at  which  ra 
beconne  less  specific  or  periodical.  Under  the  tiopics,  tl 
of  thunder-storms,  which  are  always  the  most  copious,  fa 
the  sun  is  in  the  neighbourhood  of  the  zenith.  In  the  d 
hemisphere,  the  greatest  quantity  of  rain  falls  during  wini 
at  places  somewhat  £kr  south  on  the  temperate  zone,  tb 
mer  rain  is  altogether  insignificant  In  assuming  the  i 
100  to  express  the  whole  annual  quantity  of  rain  we 
have  in 


23 


Autumn 


Less  rmn  falls  in  the  eastern  parts  of  Europe   than 
western.     The  annual  rain,   too,   is  distributed   very  un 
over  the  difierent  seasons,  as  has  been  shown  by  Mr.  Gj 
in  a  remarkable  paper.     If  we  express  by  100  the  quan 
rain  gauged  in  a  year,  we  should  have  for  each  season  : 


Winter 
Spring 


The  quantity  of  rain  which  falls  in  the  course  of  a  year 
considerably  according  to  the  climate ;  to  form  an  idea  < 
extent  of  these  variations,  it  is  enough  to  notice  the 
obtained  at  different  observatories;  but  it  is  less  the  i 
quantity  of  rain  that  Inlls,  than  the  way  or  quantities  in  w1 
is  distributed   over  the  different   months  of  the  year 
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interests  the  farmer;  upon  this  distribution  in  fact  in  many 
districts,  depends  the  productiveness  and  fertility  of  the  soil.  I 
add  a  table  of  the  mean  quantities  of  rain  in  inches  and  lOths, 
that  fall  at  London  in  the  different  months  of  the  year : 


Jan. 

Feb. 

March. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

D«c. 

in. 
1.45 

in. 
1.25 

in. 
1.17 

in. 
1.29 

in. 
1.61 

in. 
1.72 

in. 
2.39 

In. 
1.80 

in. 

1.84 

in. 
2.08 

in. 
2.20 

in. 
1.72 

§    y.    ON   THE    INFLUBNCB   OF   AGRICULTURAL   LABOURS    ON   THB    CLIMATB 
OF   A   COUNTRY    IN    LE8SBNIN6    STREAMS.    BTC. 

A  question  of  great  importance  and  that  is  frequently  agitated 
at  this  time  is,  as  to  whether  the  agricultural  labours  of  man  are 
influential  in  modifying  the  climate  of  a  country  or  not  ?  Do 
extensive  clearings  of  woods,  the  draining  and  drying  up  of 
great  swamps,  which  certainly  influence  the  distribution  of  heat 
during  the  diflferent  seasons  of  the  year,  also  exert  an  influence 
on  the  quantity  of  running  water  of  a  country,  whether  by 
lessening  the  quantity  of  rain  which  falls,  or  by  promoting  the 
more  speedy  evaporation  of  that  which  has  fallen  ? 

In  some  districts  it  has  been  held  that  the  streams  which 
had  been  used  as  moving  powers,  have  very  sensibly  diminished. 
In  other  places  the  rivers  are  said  to  have  shrunk  visibly ;  and 
in  others,  springs  that  were  formerly  abundant,  have  almost  dried 
up.  Observations  to  this  effect  appear  to  have  been  principally 
made  in  valleys  surmounted  by  mountains,  and  it  is  generally 
asserted  that  the  falling  off  in  the  springs  and  streams  had  fol- 
lowed close  upon  the  period  at  which  the  woods  scattered  over 
the  surface  of  the  country  were  cleared  away  without  any  kind 
of  r^erve. 

These  statements,  which  may  be  assumed  as  facts,  seem  to 
indicate  that  where  the  woods  have  been  filled,  it  rains  less  than 
it  did  formerly ;  this,  indeed,  is  the  general  opinion  entertained 
on  the  subject ;  and  were  it  admitted  without  further  examina- 
tion, the  natural  inference  fi-om  it  would  be  that  the  extension  of 
agriculture  diminishes  the  annual  quantity  of  rain  which  falls  in 
a  country.  But  at  the  same  time  that  the  facts  as  stated  have 
been  observed  it  has  further  been  noticed  that  since  the  clearing 
of  the  surface  from  forests,  the  torrents  and  rivers  which 
seemed  to  have  lost  in  amount  of  regular  supply  of  water,  had 


674  INFLUENCE   OV   AGRICULTURE    ON    CLIMATE. 

become  subject  to  sudden  and  extraordinary  risings  whidi  had 
proved  the  cause  of  numerous  and  grave  calamities.  In  the 
same  way,  springs  that  are  generally  all  but  dry,  have  been  seen 
to  burst  forth  again  abundantly  after  violent  storms.  These 
latter  observations,  as  may  readily  be  imagined,  are  of  a  kind 
that  should  lead  us  not  lightly  to  embrace  the  vulgar  opinion, 
which  maintains  that  the  cutting  down  of  the  woods  has  had 
the  effect  of  lessening  the  mean  annual  quantity  of  rain  :  it  is 
not  only  not  impossible  that  this  quantity  has  not  varied,  but  it 
may  even  happen  that  the  mass  of  water  which  passes  over  the 
bed  of  a  stream,  supposed  shrunken,  is  actually  the  same  as  ever 
it  was  ;  the  only  difference  may  be,  that  now  the  flow  is  much  less 
regular  than  it  used  to  be :  in  former  times  the  bed  was  ailwa}'s, 
and  more  moderately  full ;  at  present  it  is  excessively  full,  at 
intervals  only.  It  is  very  possible,  therefore,  that  here  as  else- 
where, occasionally,  the  appearance  of  the  fact  has  been  taken 
for  the  reality.  It  were  very  important  to  discover  some  natural 
index  to  a  solution  of  the  question  at  issue :  whether  or  not  the 
destruction  of  the  forests  that  once  covered  the  face  of  a  district 
of  country  had  had  the  effect  of  lessening  the  mean  annual 
fall  of  rain  ? 

The  lakes  which  are  met  with  in  plains  and  at  different  lerds 
in  mountain  ranges,  seem  to  me  peculiarly  well  calculated  to 
throw  light  on  this  subject.  Lakes  may,  in  fact,  be  received  as 
natural  gauges  of  the  running  waters  of  a  country.  If  the  mass 
of  the  water  contained  in  the  lakes  undergo  change  in  oue 
direction  or  another,  it  is  obvious  that  this  change  and  the  direc- 
tion in  which  it  has  occurred  will  be  proclaimed  by  the  state  of 
mean  level  of  the  lake  or  lakes,  which  will  differ  for  the  same 
reason  that  it  does  at  different  seasons  of  the  year,  visL :  as 
drought  or  rain  prevails.  The  mean  level  of  the  lake  or  lakes  of 
a  district  will  therefore  fall  if  the  quantity  of  water  which  floivs 
through  that  district  diminishes;  the  level,  on  the  contraiyi 
¥rill  rise  if  its  streams  increase ;  and  it  will  remain  stationary  if 
the  afflux  and  efflux  of  the  lake  continue  unchanged.  In  the 
following  remarks  I  shall  attach  myself  particularly  to  observi- 
tions  upon  lakes  which  have  no  outlet,  by  reason  of  the  fadUtjr 
with  which  any  even  slight  change  in  the  level  of  these  must  be  dis- 
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covered.  I  shall  not,  however,  neglect  those  lakes  which  have  an 
exit  by  a  stream  or  canal,  because  I  believe  that  the  study  of 
these  may  also  lead  to  accurate  enough  results ;  the  only  point 
requiring  preliminary  remark  is  the  sense  in  which  the  words, 
change  of  level,  are  to  be  taken. 

Geologists  admit  that  the  level  of  the  waters  upon  the  surface 
of  the  globe  has  everywhere  undergone  great  changes,  whether  at- 
tention be  directed  to  the  shores  of  the  sea  or  to  those  of  great 
inland  lakes*  This  fact  is  universal,  and  is  questioned  by  none, 
but  great  diversity  of  opinion  prevails  in  regard  to  the  cause  of 
the  phenomenon.  Some  pretend  that  in  many  cases  the  change  of 
level  is  only  apparent,  that  the  body  of  water  has  not  sunk,  but 
that  the  shores  have  risen;  others,  again,  maintain  that  there 
has  been  a  true  diminution  in  the  mass  of  fluid,  a  true  drying 
up,  and  that  its  level  has  actually  sunk.  I  shall  not  in  this 
place  enter  upon  the  great  geological  question ;  the  variations 
which  are  there  signalized  are  often  of  vast  extent,  and  involve 
the  supposition  of  violent  catastrophes,  which,  in  a  general  way, 
were  long  anterior  to  the  historical  epoch.  I  shall  only  refer 
to  changes  of  level  observed  in  lakes  by  our  ancestors  or  con- 
temporaries ;  in  a  word,  to  facts  which  have  taken  place  under 
the  eyes  of  men,  inasmuch  as  it  is  the  influence  of  their  agricul- 
tural labours  upon  the  meteorological  state  of  the  atmosphere, 
which  I  am  seeking  to  appreciate.  The  facts  upon  which  I 
shall  more  particularly  dwell  were  observed  in  South  America ; 
but  I  shall  show  that  what  is  true  with  regard  to  this  continent, 
is  true  also  with  reference  to  any  other  continent. 

One  of  the  most  interesting  portions  of  Venezuela  is  un- 
doubtedly the  valley  d'Aragua.  Situated  at  a  short  distance 
from  the  seaboard,  possessed  of  a  warm  climate,  and  of  a  soil 
fertile  beyond  example,  it  combines  within  itself  all  the  varieties 
of  agriculture  that  belong  in  particular  to  tropical  regions ;  on  the 
hillocks  which  rise  in  the  bottom  of  the  valley  are  seen  fields 
which  bring  to  mind  the  agriculture  of  Europe.  Wheat  suc- 
ceeds pretty  well  upon  the  heights  which  surround  La  Vittoria. 
Bounded  on  the  north  by  a  chain  of  hills  which  run  parallel 
with  the  seaboard,  and  to  the  south  by  the  range  which  sepa- 
rates it  from  Llanos,  the  Aragua  Valley  is  limited  on  the  east 
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and  nest  by  a  series  of  lesser  eleratioos,  which  shut  it : 
pletdy.  In  consequence  of  this  peculiar  configurai 
country,  the  rivers  which  rise  in  its  interior  have  do  outle 
ocean ;  their  waters  accumulate  in  the  lowest  part  of  thi 
and  form  the  beautiful  lake  Valentia.  This  lake,  whici 
Humboldt  says  exceeds  the  Lake  Neufchatel  in  size,  i 
about  1300  feet  above  thelevd  of  the  sea  ;  it  is  about  ten 
in  length,  and  about  two  leagues  and  a  half  where  it  is  t 

At  the  time  when  M.  de  Humboldt  visited  the  Aragus 
the  inhabitants  were  struck  with  the  gradual  diminutio 
bad  been  going  on  in  the  waters  of  the  lake  during 
thirty  years.  It  was  enough  to  compare  the  statements 
writers  with  its  condition  at  this  time,  to  obtain  convict' 
the  waters  had  in  feet  very  much  diminished.  Ovii 
instance,  who  visited  the  vidley  fi^uently  towards  the 
the  sixteenth  century,  says  that  the  town  of  New  Valer 
founded  in  1 555,  at  the  distance  of  half  a  league  from  tl 
in  1 800,  M.  de  Humboldt  ascertuned  that  the  lake  was  t 
of  6749  yards,  or,  upwards  of  3 J  miles  instead  of  about 
from  its  banks. 

The  appearance  of  the  surface  also  gives  new  proof 
fact  of  the  recession  of  the  water ;  certain  hillocks  which 
the  plain  still  preserve  the  title  of  idands,  which  undo 
they  formerly  received  with  propriety,  when  they  wei 
rounded  by  water.  The  land  which  had  been  left  by  the 
of  the  lake  soon  became  transformed  into  beautiful  plantai 
cotton-trees,  bananas,  and  sugar-canes.  Buildings  whii 
been  erected  on  the  banks  were  left  year  after  year  farti 
farther  from  them.  In  1796,  new  islets  made  their  appf 
An  important  military  position,  a  fortress  built  in  1 740 
Isle  de  la  Cabrera,  was  then  upon  a  peninsula.  Finallv, 
islets  of  granite,  M.  de  Humboldt  discovered,  several 
above  the  level  of  the  lake,  a  bed  of  fine  sand,  mixed  wil 
water  shells.  These  facts,  so  certain,  so  unquestional 
not  pass  without  numerous  explanations  from  the  wis 
of  the  country,  who  as  if  by  common  consent,  fixed  upon 
terranean  exit  for  the  waters  of  the  lake.  M.  de  Hui 
after  the  most  careful  examination  of  all  the  circunistam 
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not  hesitate  to  ascribe  the  diminution  of  the  waters  of  the  Lake 
Valencia  to  the  extensive  clearings  which  had  been  effected  in 
the  course  of  half  a  century  in  the  Aragua  Valley.  "  In  felling 
the  trees  which  covered  the  crowns  and  slopes  of  the  moun- 
tains," says  this  celebrated  traveller,  "  men  in  all  climates  seem 
to  be  bringing  upon  future  generations  two  calamities  at  once, 
— a  want  of  fuel  and  a  scarcity  of  water.* 

In  the  year  1800,  the  population  of  this  favoured  valley 
where  the  cultivation  of  indigo,  of  cotton,  of  cocoa,  and  the  cane 
had  made  immense  progress,  was  as  dense  as  it  was  in  the  most 
thickly  populated  districts  of  England  or  France,  and  'every  one 
was  delighted  with  the  appearance  of  comfort  that  prevailed  in 
the  numerous  villages  of  this  industrious  country. 

Twenty-five  years  after  M.  de  Humboldt,  I  explored  in  my 
turn  the  Valley  d'Aragua,  having  fixed  my  residence  in  the 
little  town  of  Maracaibo.  The  inhabitants  had  now  remarked 
that  for  several  years  not  only  had  the  lake  ceased  to  diminish, 
but  that  it  had  even  risen  very  perceptibly.  Some  fields  that  were 
formerly  coverel  with  cotton  plantations  were  now  submerged. 
The  Isles  de  las  Nuevas  Aparacidas,  which  had  risen  fi'om  the 
waters  in  1796,  had  again  become  shoals  dangerous  to  naviga- 
tion ;  the  tongue  of  earth,  De  la  Cabrera,  on  the  north  side  of 
the  valley  had  become  so  narrow,  that  the  slightest  rise  in  the 
water  of  the  lake  covered  it  completely  ;  a  continuous  N.E  wind 
was  sufficient  to  flood  the  road  which  led  from  Maracaibo  to 
New  Valencia ;  in  short,  the  fears  which  the  inhabitants  of  the 
lake  had  entertained  for  so  long  a  period  had  entirely  changed 
their  nature ;  they  were  now  no  longer  afraid  of  the  lake  drying 
up  ;  they  saw  with  dismay  that  if  the  water  continued  to  rise  as 
it  had  done  lately,  it  would  in  no  long  space  of  time  have 
drowned  some  of  the  most  valuable  estates,  &c.  Those  who 
had  explained  the  diminution  of  the  lake  by  supposing  subter- 
raneous canals,  now  hastened  to  dose  them  up  in  order  to 
find  a  cause  for  the  rise  in  the  level  of  the  water. 

In  the  course  of  the  last  twenty-two  years,  important  political 
events  had  transpired.     Venezuda  no  longer  belonged  to  Spain ; 

*  Humboldt,  vol.  v,  p.  173. 
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the  peaceful  valley  d*Aragua  had  been  the   theatre  of  many 
a  bloody  contest ;  war  to  the  knife  bad  desolated  this  beautiful 
country  and  decimated  its  inhabitants.     On  the  first  cry  of  inde- 
pendence raised,  a  great  number  of  slaves  found  freedom  br 
enlisting  under  the  banners  of  the  new  republic ;  agricultural 
operations  of  any  extent  were  abandoned,  and  the  forest,  whidi 
makes  such  rapid  progress  in  the  tropics,   had   soon  regained 
possession  of  the  surface   which   man    had    won    fi^m  it  br 
something  like  a  century  of  sustained  and   painful  toil     With 
the  increasing  prosperity  of  the  valley,  many  of  the  principal 
tributaries  to  the  lake  had  been  turned  aside  to  serve  as  means  of 
irrigation,  so  that  the  beds  of  some  of  the  rivers  were  absolutdy 
dry  for  more  than  six  months  in  the  year.  At  the  period  which  I 
now  refer  to,  the  water  was  no  longer  used  in  this  way,  and  the 
beds  of  the  rivers  were  full.     Thus  with  the  growth  of  agricul- 
tural industry  in  the  valley  d'Aragua,  when  the  extent  of  cleared 
surface  was  continually  on  the  increase,  and  when  great  farmiif 
establishments  were  multiplied,  the  level  of  the  water  sunk ;  but 
by  and  bye,  during  a  period  of  disasters,  happily  passing  in  thdr 
nature,  the  process  of  clearing  is  arrested,  the   lands  formeriy 
won  from  the  forest  are  in  part  restored  to  it,  and  then  the 
waters  first  cease  to  fall  in  their  levd,  and  by  and  by  show  an  un- 
equivocal disposition  to  rise. 

I  shall  now,  without  however  quitting  America,  carry  my 
readers  into  a  district  where  the  climate  is  analogous  to  that 
of  Europe,  where  the  surface  is  occupied  by  inunense  fields, 
covered  with  the  cereals  as  with  us.  I  speak  of  the  table  lands 
of  New  Granada,  of  those  valleys  raised  from  10,000  to  13,000 
and  14,000  feet  above  the  level  of  the  sea,  in  which  the  meao 
temperature  throughout  the  year  ranges  from  58^  to  about  62* 
Fahr.  Lakes  are  frequent  in  the  Cordilleras ;  and  it  would  be 
easy  for  me  to  describe  a  great  number;  I  shall,  howe^-er, 
confine  myself  to  those  which  became  subjects  of  observation  in 
former  times. 

The  village  of  Ubat^  is  now  situated  in  the  neighbourhood  of 
two  lakes.  Some  seventy  years  ago  these  two  lakes  formed  but 
one ;  the  old  inhabitants  saw  the  water  shrinking  and  new  fields 
presenting  themselves  year  after  year.     At  this   present  time 
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fields  of  wheat  of  extraordinary  luxuriance  occupy   levels  that 
were  completely  inundated  thirty  years  ago. 

It  is  enough  indeed  to  perambulate  the  neighbourhood  of 
Ubat^  to  consult  the  old  sportsmen  of  the  country,  and  to  refer 
to  the  annals  of  the  various  parishes,  to  be  satisfied  that  exten- 
sive forests  have  been  cut  down  in  the  whole  of  the  surround- 
ing country ;  the  clearing,  in  fact,  still  continues ;  and  it  is 
certain  that  the  recession  of  the  waters,  although  much  slower 
than  it  was  in  former  times,  has  not  yet  entirely  ceased. 

A  lake,  situated  in  the  same  valley,  to  the  east  of  Ubat^, 
deserves  our  particular  attention.  By  means  of  barometric 
measurements,  made  with  extreme  care,  I  found  that  this  lake 
had  precisely  the  same  level  as  that  of  Ubat^.  Nearly  two 
centuries  ago,  it  was  visited  by  Piedrahita,  Bishop  of  Panama, 
an  author  of  great  accuracy,  to  whom  we  owe  the  history  of  the 
conquest  of  New  Grenada.  He  states  this  lake  to  be  ten 
leagues  in  length,  by  three  leagues  in  breadth ;  but  Dr.  Roulin 
having  had  occasion,  a  few  years  ago,  to  make  a  plan  of  the 
lake,  he  found  it  a  league  and  a  half  in  length,  by  one  league 
in  breadth ;  my  own  impression  is,  that  at  the  time  Piedrahita 
wrote,  there  was  but  a  sin^e  lake  extendbg  all  the  way  fi'om 
Ubat^  to  Zimijaca,  not  two  lakes  as  at  present,  a  supposition 
which  would  take  away  everything  like  exaggeration  from  the 
statement  of  Piedrahita.  But  the  fact  of  the  retreat  of  the 
waters  of  these  lakes  is  unquestioned  ;  the  inhabitants  of 
Zimijaca  all  know  that  the  village  was  founded  dose  to  the  lake, 
whereas,  at  the  present  time  it  is  nearly  a  league  from  its  banks. 
Formerly,  there  was  no  difficulty  in  obtaining  all  the  building 
timber  that  was  wanted ;  the  mountains  which  rose  from  the 
valley  on  either  hand  were  covered  up  to  a  certain  height  with 
the  trees  proper  to  these  cold  regions ;  the  oak  of  the  Andes 
abounded ;  numerous  myricas  were  also  in  existence,  fi'om  which 
abundance  of  wax  was  obtained:  at  the  present  time  these 
moimtains  are  almost  stripped  of  their  trees,  an  event  mainly 
brought  about  by  the  eagerness  to  procure  fuel  in  manufacturing 
salt  from  the  springs  of  Taosa  and  Enemocon. 

To  these  authentic  facts,  which  I  could  multiply  and  support 
by  many  others  of  a  similar  kind,  it  may  be  replied,  that  the 

X  X 
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diminution  of  the  water,  incontestible  as  it  is,  might  perhaps 
have  taken  place  without  the  clearing  away  of  the  forests.  It 
may  indeed  be  maintained,  that  the  drying  up  of  the  waters  is 
owing  to  a  totally  different  cause,  altogether  unknown  to  us ; 
that  it  must  be  ranked  among  the  numerous  phenomena,  the 
reality  of  which  we  perceive,  but  without  being  able  to  render 
any  account  of  their  cause. 

I  cannot,  in  the  instance  last  quoted,  as  in  that  of  the  Lake 
of  Valencia,  refer  to  any  increase  of  the  lake  connected  with 
the  suspension  of  agriculture,  or  the  re-appearance  of  the  forest 
I  might,  however,  adduce  in  favour  of  the  opinion  which  I  de- 
fend, the  slowness  with  which  the  decrease  in  the  lakes  of  the 
valley  of  Ubat^  has  lately  gone  on,  and  since  the  felling  of  trees 
in  the  neighbourhood  has  almost  entirely  ceased.  Extensive  plots 
of  fertile  ground  are  now  no  longer  left  dry  and  available  to  the 
husbandman  by  the  retreat  of  the  lake ;  he  already  begins  to  think 
of  means  for  obtaining  by  artifice  that  which  nature,  assisted 
by  the  clearing  of  the  country,  presented  him  with  in  former 
times.  In  the  year  1826  there  was  a  speculation  on  foot  for 
draining  the  valley  completely  by  cutting  a  canal  and  letting  cS 
the  water.  Further  proof  of  the  fact  which  I  am  ui^ging  is  ob- 
tained in  another  way.  It  is  not  difficult,  to  show,  that  lakes  m 
the  immediate  vicinity  of  those  that  have  shrunk  most  remark- 
ably, but  around  which  no  destruction  of  the  forest  has  taken 
place,  have  undergone  no  change  in  their  level.  The  Lake  of 
Tota,  situated  at  no  great  distance  from  the  Valley  of  Ubat^  ^ 
an  elevation  that  must  approach  1 3,000  feet  above  the  level  of 
the  sea,  in  a  region  where  vegetation  has  almost  entirely  disap- 
peared, has  preserved  its  pristine  level  unaltered.  The  lake  b 
nearly  circular  ;  and  Piedrahita,  in  1542,  gives  it  two  leagues 
in  breadth.  It  is  subject  to  violent  storms,  which  render  its 
navigation  dangerous ;  and  even  travelling  along  its  banks,  from 
the  particular  circumstances  in  which  the  road  is  situated,  with 
the  lake  on  one  hand  and  a  perpendicular  cliff  upon  the  othefi 
is  not  without  risk.  In  1652,  the  road  passed  as  it  does  at  pre- 
sent, the  water  laving  the  foot  of  the  same  rocks,  and  its  levd 
having  suffered  no  change,  any  more  than  the  sterile  country 
which  surrounds  it. 
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I  shall  conclude  what  I  have  to  say  on  the  lakes  of  South 
America  by  speaking  of  that  of  Quilatoa,  because  it  has  been 
made  the  subject  of  accurate  observations  sufficiently  remote  from 
one  another — 1740  and  1831. 

Living  at  Latacimga,  a  town  situated  at  no  great  distance  from 
Cotopaxi,  the  traveller  is  sure  to  hear  of  the  wonders  of  the  La- 
guna  da  Quilatoa.  From  time  to  time  this  lake,  it  is  said,  casts 
forth  flames  which  set  fire  to  the  shrubs  and  withered  grass  that 
grow  upon  its  banks,  and  frequent  detonations  are  heard,  the  sound 
of  which  extends  to  a  great  distance.  M.  de  la  Condamine,  in 
1 738,visited  this  lake,  which  he  found  of  a  circular  form,  and  about 
1278  feet  in  diameter;  on  the  28th  November,  1831,  I  also 
visited  the  Lake  of  Quilatoa.  It  cannot  be  better  compared  to 
anything  than  to  the  crater  of  a  volcano  filled  with  water ;  I  found 
it  nearly  1 3,000  feet  above  the  level  of  the  sea,  in  the  cold 
region,  therefore;  and  indeed  it  is  surrounded  with  immense 
pastures ;  but  the  information  which  I  obtained  from  the  shep- 
herds in  the  neighbourhood  of  the  Lake  of  Quilatoa,  dissipated 
all  that  was  marvellous  in  its  history ;  they  had  never  seen  any 
flames  issue  from  its  bosom,  they  had  never  heard  any  detona- 
tions ;  in  short,  I  found  the  lake,  as  M.  de  la  Condamine  appears 
to  have  found  it,  everything  having  remained  for  nearly  a  cen- 
tury without  change. 

The  study  of  the  lakes,  which  are  so  common  in  Asia,  would 
probably  supply  conclusions  similar  to  those  deduced  from  obser- 
vations made  in  South  America,  viz.,  that  the  waters  which 
irrigate  a  country  diminish  as  the  forests  are  cleared  away,  and 
as  agriculture  extends.  The  recent  labours  of  M.  de  Humboldt, 
which  have  thrown  so  much  new  light  upon  this  quarter  of  the 
world,  appear  to  leave  no  doubt  upon  the  subject.  After  having 
shown  that  the  system  of  the  Altai  is  about  to  lose  itself  by 
a  succession  of  slopes  in  the  steppes  of  Kirgiz,  and  that  con- 
sequently the  Ural  chain  is  not  connected  with  that  of  the  Altai 
as  was  generally  believed,  this  celebrated  geographer  shows, 
that  precisely  in  the  situation  where  the  Alghinic  mountains 
are  usually  set  down,  a  remarkable  region  of  lakes  commences, 
which  extend  into  the  plains  that  are  traversed  by  the  Ichim, 
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the  Omsk,  and  the  Obi.*  It  would  ^pear  that  these  n 
lakes  are  remainders  as  it  were  of  an  immense  sheet  i 
which  formerlr  covered  the  whole  of  the  country,  an 
had  become  divided  into  so  many  particular  lakes  by  t 
guration  of  the  sur&ce.  In  crossing  the  steppe  of  Baral 
way  from  Tobolsk  to  Baraoul,  M.  de  Humboldt  perceivi 
where  that  the  drying  up  of  waters  increases  rapidly  n 
influence  of  the  cultivation  of  the  soil. 

Europe  also  possesses  its  lakes  ;  and  we  have  still  to 
them  from  the  particular  point  of  new  which  engages  us 
Saussure,  in  his  first  inquiries  ia  r^ard  to  the  temper 
the  lakes  of  Switzerland,  examined  those  which  are  sit 
the  foot  of  the  first  line  of  the  Jura.  The  Lake  o£  Neuf 
dght  leagues  in  length,  and  its  greatest  breadth  does  no 
two  leagues.  On  visiting  it,  Saussure  was  struck  with 
tent  which  this  lake  must  formerly  have  possessed ;  fbi 
says,  the  extensive  level  and  mwshy  meadows  which  U 
It  on  the  south-west,  had  unquestionably  been  cover 
water  at  a  former  period. 

The  Lake  of  Bienne  is  three  leagues  long  and  one  b: 
is  separated  from  the  I^e  of  Neufch&td  by  a  succe 
plains  that  were  probably  inundated. 

Lake  Morat  is  also  separated  from  the  Lake  of  Neufc 
low  and  level  marshes,  which  beyond  all  question  were  I 
submerged.  Unquestionably,  ulds  Saussure,  the  thn 
lakes  of  Neufch&tel,  Bienne,  and  Morat,  were  fbrmei 
nected,  and  formed  one  great  sheet  of  water.f 

In  Switzerland,  as  in  America  and  Asia,  the  old  lake 
that  may  be  spoken  of  under  the  title  of  the  primitivi 
and  which  occupied  the  bottoms  of  the  vaUeys  when  the 
was  uncultivated  and  wild,  have  become  divided,  and  n< 
a  variable  number  of  smaller  and  mdependent  lakes, 
wind  up  the  jM^sent  subject  by  referring  to  the  observa; 
Saussure  upon  the  Lake  of  Geneva,  which  may  be  look 
as  the  starting  point  of  the  admirable  worics  of  this 
guished  philosopher. 

*  Humboldt,  Fngmeiu  AeiatiqueB,  1. 1,  p.  40-50. 
t  Saiuaure,  Voyage  dac>  lei  Mpt»,  t.  ii,  chap.  6. 
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Saussure  admits,  that  at  an  epoch  long  anterior  to  the  times 
of  history,  the  mountains  which  surround  this  lake  were  them- 
selves submerged;  a  great  catastrophe  let  off  this  immense 
collection  of  water,  and  by  and  by  the  current  possessed  no  more 
than  the  bottom  of  the  valley  ;  the  Lake  of  Geneva  was 
formed. 

In  merely  considering  the  monuments  left  by  man,  it  is  im- 
possible to  doubt  that  within  1 200  or  1 300  years  the  waters  of 
the  Lake  of  Geneva  have  gradually  fsillen  in  their  level.  It  is 
evidently  upon  the  levels  which  have  thus  been  left,  that  the 
quarter  de  Rive,  and  the  lower  streets  of  the  city  of  Geneva  have 
been  built.  This  depression  of  the  surface,  continues  Saussure, 
is  not  merely  the  effect  of  any  deepening  of  the  bed  of  the  Rhone, 
by  which  the  lake  is  discharged,  it  has  also  been  produced  by  a 
diminution  in  the  quantity  of  water  which  flows  into  it. 

The  conclusions  which  it  seems  legitimate  to  draw  from  the 
observations  of  Saussure  are,  that  in  the  course  of  from  1 200 
to  1300  years  the  quantity  of  running  water  has  sensibly 
diminished  in  the  districts  around  the  Lake  of  Geneva.  No 
one  will,  I  apprehend,  deny  that  in  this  long  period  there  have 
not  been  extensive  clearings  of  forest  lands  in  Switzerland,  and  a 
continual  increase  in  the  extent  of  cultivated  field  within  this 
beautiful  country.  Here  consequentiy,  as  elsewhere,  an  attentive 
examination  of  the  levels  of  the  lakes  leads  us  to  conclude,  that 
where  extensive  clearings  fix)m  forest  have  been  effected,  where 
agriculture  has  extended,  that  there  has  in  all  probability  been 
diminution  of  the  running  waters  which  irrigate  the  surfeoe ; 
whilst  in  those  districts  where  no  change  has  been  effected,  the 
amount  of  running  stream  does  not  appear  to  have  undergone 
any  variation. 

The  effect  of  forests  considered  in  this  point  of  view  would 
therefore  be  to  keep  up  the  amount  of  the  waters  which  are 
destined  for  mills  and  canals;  and  next  to  prevent  the  rain- 
water from  collecting  and  flowing  away  with  too  great  rapidity. 
That  a  soil  covered  with  trees  is  further  less  favourable  to  evapo- 
ration than  ground  that  has  been  cleared,  is  a  truth  that  all  wUl 
probably  admit  without  discussion.  To  be  aware  that  it  is  so, 
it  is  enough  to  have  travelled,  some  short  time  after  the  rainy 
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season,  upon  a  road  which  traverses  in  succession  a  c 
that  is  free  from  forests,  and  one  Uiat  is  thickly  wooded. 
parts  of  the  road  that  pass  through  the  unencumbered  c 
are  found  hard  and  dry,  whilst  those  that  traverse  the  i 
districts  are  wet,  muddy,  and  often  scarcely  passable.  In 
America,  more  perhaps  than  anywhere  else,  does  the  obsl 
evaporation  from  a  soil  thickly  shaded  with  forests  str 
traveller.  In  the  forests  the  humidity  is  constant,  it  exis 
after  the  rainy  season  has  passed ;  and  the  roads  that  are 
through  thero,  remain  through  the  whole  year  deeply  < 
with  mire ;  the  only  means  known  of  keeping  forest  ways 
to  ^ve  them  a  width  of  fix>m  260  to  330  feet,  that  is  I 
to  dear  the  country  in  their  course. 

If  once  the  fact  is  admitted  that  running  strean 
diminished  in  size  by  the  effect  of  felling  forests  and  t 
tension  of  agriculture,  it  imports  us  to  examine  whethi 
diminution  proceeds  from  a  less  quantity  of  rain,  or  f 
greater  amount  of  evaporation,  or  whether  perchance  it  i 
owing  to  the  practice  of  irrigation. 

I  set  out  with  the  principle  that  it  must  be  next  to  : 
sible  to  specify  the  precise  share  which  each  of  these  di 
causes  has  in  the  general  result ;  I  shall,  nevertheless,  end 
to  appreciate  them  in  a  summary  way.  The  discussio 
have  gained  something  if  it  be  proved  that  there  may  be 
nution  of  running  streams  in  consequence  of  clearing  c 
forests  alone,  without  the  whole  of  the  causes  being  pre 
to  act  simultaneously. 

With  r^ard  to  irrigation,  it  is  necessary  to  distiagu' 
tween  that  case  in  which  an  extensive  farm  has  been  subs 
for  an  impenetrable  forest,  and  that  in  which  an  arid  soil, 
never  supported  wood,  has  been  rendered  productive  1 
industry  of  man.  In  the  first  case  it  is  very  probabi 
irrigation  will  have  contributed  but  little  to  the  diminu 
the  mass  of  running  water ;  it  may  readily  be  imagined  tl 
quantity  of  water  used  up  by  a  dense  forest  will  equal 
events,  if  not  exceed  that  which  will  be  required  by  any 
vegetables  which  human  industry  substitutes  for  it.  ] 
second  case,  that  is  to  say  where  a  great  extent  of  waste  o 
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has  been  brought  under  cultivation,  there  will  evidently  be  con- 
sumption of  water  by  the  vegetation  which  has  been  fostered 
upon  the  surface  ;  agricultural  industry  will  thus  tend  to  dimi* 
nish  the  quantity  of  water  which  irrigates  a  country.  It  is 
extremely  probable  that  it  is  to  a  circumstance  of  this  kind  that 
we  must  ascribe  the  diminution  of  the  lakes  which  receive  so 
large  a  proportion  of  the  running  streams  of  the  north  of  Asia. 
It  is  almost  unnecessary  to  add,  that  in  circumstances  of  this 
kind  the  effect  which  is  due  to  the  simple  evaporation  of  rain 
water  is  not  increased ;  the  loss  by  this  means  must  be  rather 
less,  because  from  a  surface  covered  with  plants,  evaporation 
takes  place  more  slowly  than  from  one  that  is  devoid  of  vege- 
tation. 

In  the  considerations  which  I  have  presented  upon  the  lakes 
of  Venezuela,  of  New  Grenada,  and  of  Switzerland,  the  diminu- 
tion may  be  directly  ascribed  to  a  less  mean  annual  quantity 
of  rain ;  but  it  may  with  equal  reason  be  maintained  to  be  a 
simple  consequence  of  more  rapid  evaporation. 

There  are,  in  fact,  a  variety  of  circumstances,  under  the  influ- 
ence of  which  the  diminution  of  running  streams  can  be  shown 
to  be  connected  with  more  active  evaporation.  I  shall  confine 
myself  to  the  mention  of  two  particular  instances,  one  no- 
ticed by  M.  Desbassyns  de  Richemond,  in  the  Island  of  Ascen- 
sion, the  other  is  from  observations  by  myself,  and  is  among  the 
number  of  facts  which  I  registered  during  my  residence  for 
several  years  at  the  mines  of  Marmato. 

In  the  Island  of  Ascension  there  was  an  excellent  spring, 
situated  at  the  foot  of  a  mountain  originally  covered  with  wood  ; 
this  spring  became  scanty  and  dried  up  after  the  trees  which 
covered  the  mountain  had  been  felled.  The  loss  of  the  spring 
was  rightly  ascribed  to  the  cutting  down  of  the  timber.  The 
mountain  was  therefore  planted  anew,  and  a  few  years  afterwards 
the  spring  reappeared  by  degrees,  and  by  and  by  flowed  with  its 
former  abundance. 

The  metalliferous  mountain  of  Marmato  is  situated  in  the  pro- 
vince of  Popayan,  in  the  midst  of  immense  forests.  The  stream 
along  which  the  mining  works  are  established  is  formed  by  the 
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junction  of  several  small  rivulets  which  take  their  ria 
taUe-laod  of  San  Jm^.  The  country  which  ovoioc 
establishment  is  thickly  wooded. 

In  1826,  when  I  visited  the  mines  for  the  first  ttm 
mato  consisted  of  a  few  miserable  cabins,  inhabited  bj 
slaves.  In  1 830,  when  I  quitted  the  country,  Marmato 
most  flourishing  appearance ;  it  whs  covered  with  works 
had  a  foundry  of  gold,  machinery  for  grinding  and  an 
ating  the  ores,  &c.,  and  a  fi«e  population  of  nearly 
thousand  inhabitants.  It  may  be  readily  imagined,  thai 
course  of  these  four  years  an  immense  quantity  of  timl 
been  cut  down,  not  only  for  the  ctmstniction  of  machim 
of  houses,  but  as  fuel,  and  for  the  manu&cture  of  d 
For  facility  of  transport,  the  fdling  had  jHincipally  gone  c 
the  table-land  of  San  Jorge.  But  the  dealing  had  soaroe 
effected  two  years,  before  it  was  perceived  that  the  quai 
water  for  the  supply  of  the  madiinery  had  notaUy  dimi 
The  volume  of  water  had  been  measured  by  the  woik  done 
raachineiy,  and  actual  gauging  at  different  times  sbon 
progressive  diminution  of  the  water.  The  question  assi 
serious  aspect,  because  at  Marmato  any  diminution  in  the 
tity  of  the  water,  which  is  the  moving  power,  would  be  of 
attended  with  a  proportional  diminution  in  the  quantity  ( 
produced.  Now  in  the  island  of  Ascensbn,  and  at  Ma 
it  is  highly  improbaUe  that  any  merely  local  and  limited  c 
away  of  the  forest  should  have  had  such  an  influence  uc 
constitution  of  the  atmosphere  as  to  cause  a  variation  : 
mean  annual  quantity  of  rain  which  &]ls  in  the  country. 
than  this,  as  soon  as  the  diminution  of  the  stream  at  Mi 
was  ascertained,  a  pluviometer,  or  run^auge,  was  set  u 
in  the  course  of  the  second  year  of  observation  a  larger  qi 
of  rain  was  gauged  than  in  the  first  year,  although  the  d 
had  been  continued  ;  still  there  was  no  appredable  incn 
the  size  of  the  ruoning  stream. 

A  couple  of  years  of  observation  are  unquestionaUy  insu 
to  show  any  definitive  variati(Hi  in  the  anmul  quantity  of  ra 
falls.  But  the  observations  made  at  Marmato  still  estabtish  tl 
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that  the  mass  of  running  water  had  diminished  in  spite  nf  the 
larger  quantity  of  rain  which  fell.  It  is  ther^ore  probable  that 
local  clearings  of  forest  land,  even  of  very  moderate  extent,  cause 
springs  and  rivulets  to  shrink,  and  even  to  disappear,  without 
the  effect  being  ascribable  to  any  diminution  in  the  amount  of 
rain  that  falls. 

We  have  still  to  inquire  whether  extensive  clearings  of  the 
forest,  clearings  which  embrace  a  whole  country,  cause  any 
diminution  in  the  quantity  of  rain  that  falls.  Unfortunately, 
the  observations  which  we  have  upon  the  quantity  of  rain  which 
falls  in  particular  districts  are  only  of  sufficient  antiquity  and 
accuracy  in  Europe  to  be  worthy  of  any  confidence,  and  there 
the  soil  was  cleared  before  observation,  in  the  generality  of 
instances,  began. 

The  United  States  of  America,  where  the  forests  are  disap* 
pearing  with  such  rapidity,  will  probably  one  day  afford  elements 
for  the  complete  and  satisfactory  solution  of  the  question, 
whether  or  not  the  cutting  down  of  forests  causes  any  diminu- 
tion in  the  quantity  of  rain  which  falls  in  the  course  of  the 
year. 

In  studying  the  phenomena  accompanying  the  fall  of  rain  in 
the  tropics,  I  have  come  to  a  conclusion  which  I  have  already 
made  known  to  many  observers.  My  own  opinion  is,  that 
the  felling  of  forests  over  a  large  extent  of  country  has 
always  the  effect  of  lessening  the  mean  annual  quantity  of 
rain. 

It  has  long  been  said,  that  in  equinoctial  countries  the  rainy 
season  returns  each  year  with  astonishing  regularity.  There  can 
be  no  doubt  of  the  general  accuracy  of  this  observation,  but 
the  meteorological  fact  must  not  be  announced  as  universal  and 
admitting  of  no  exception ;  the  regular  alternation  of  the  dry 
and  rainy  season  is  as  perfect  as  possible  in  countries  which  pre- 
sent an  extreme  variety  of  territory.  Thus  a  country  whose 
surface  is  covered  with  forests,  and  rivers,  and  lakes,  with  moun- 
tains, and  plains,  and  table-lands,  the  periodical  seasons  are 
quite  distinct.  But  it  is  by  no  means  so  where  the  surlface  is 
more  uniform  in  its  character.     The  return  of  the  rainy  season 
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win  be  much  less  r^ular  if  the  soil  be  in  general  dt 
naked ;  or  if  extensive  agricultural  operations  take  the  p 
the  primeval  forest ;  if  rivers  are  less  common,  and  lakf 
frequent.  The  rains  will  then  be  less  abundant ;  and  such 
tries  will  be  exposed  from  time  to  rime  to  drougfats  o 
continuance.  If,  on  the  contrary,  thick  forests  cover  almi 
whole  of  the  territory,  if  its  rivulets  and  rivers  be  numerou 
agriculture  be  limited  in  extent,  irregularity  in  the  seasoi 
then  take  place,  but  in  a  different  way, — the  rains  will  f 
and  in  some  seasons  they  wiU  become  as  it  were  incessant 

The  continent  of  America  presents  us,  on  the  largest 
with  two  regions  [Jaced  ia  the  same  conditions  as  to  tempei 
but  in  which  we  successively  encounter  the  cnrcumstances 
are  most  &vourable  to  the  formation  and  fall  of  rain  in  ont 
to  its  absence  in  the  other. 

Settii^  out  from  Panama,  and  proceeding  towards  the  : 
we  encounter  the  Bay  of  Cupica,  the  provinces  of  San  . 
Ventura,  Choco,  and  Esmeraldas ;  in  this  country,  coverec 
thick  forests  and  intersected  with  a  multitude  of  stream: 
rains  are  almost  incessant ;  in  the  interior  of  Choco  scar 
day  passes  without  rain.  Beyond  Tumbez,  towards  Payl 
order  of  things  entirely  different  commences  ;  the  forests 
entirely  disappeared,  the  soil  is  sandy,  agriculture  sc 
exists,  and  here  rain  is  almost  unknown.  When  I  w 
Payta,  the  inhabitants  informed  me  that  it  had  not  i 
for  seventeen  years !  The  same  want  of  rain  is  comm 
the  whole  of  the  country  which  surrounds  the  desert  of  Sa 
and  extends  to  Lima;  in  these  countries  rain  is  as  ra 
trees  are. 

In  Choco,  where  the  soil  is  thickly  covered  with  tn 
rains  almost  continually ;  and  on  the  coasts  of  Peru,  whei 
soil  is  sandy,  without  trees  and  devoid  of  verdure,  it  never  i 
and  this,  as  I  have  said,  under  a  chmate  which  enjoys  the 
temperature,  and  whose  general  features  and  distance  froi 
mountains  arc  nearly  the  same.  Piura  is  not  more  remote 
the  Andes  of  Assuay  than  are  the  moist  plains  of  Choco 
the  Western  Cordillera. 
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The  facts  which  have  now  been  laid  before  the  reader  seem  to 
authorise  me  to  infer : 

1st.  That  extensive  destruction  of  forests  lessens  the  quantity 
of  running  water  in  a  country. 

2nd.  That  it  is  impossible  to  say  precisely  whether  this  dimi- 
nution is  due  to  a  less  mean  annual  quantity  of  rain,  or  to  more 
active  evaporation,  or  to  these  two  effects  combined. 

3rd.  That  the  quantity  of  running  water  does  not  appear  to 
have  suffered  any  diminution  or  change  in  countries  which  have 
known  nothing  of  agricultural  improvement. 

4th.  That  independently  of  preserving  running  streams,  by 
opposing  an  obstade  to  evaporation,  forests  economize  and  regu- 
late their  flow. 

5  th.  That  agriculture  established  in  a  dry  country,  not  covered 
with  forests,  dissipates  an  additional  portion  of  its  running 
water. 

6th.  That  clearings  of  forest  land  of  limited  extent  may 
cause  the  disappearance  of  particular  springs,  without  our  being 
therefore  authorised  to  conclude  that  the  mean  annual  quantity 
of  rain  has  been  diminished. 

7th  and  lastly.  That  in  assuming  the  meteorological  data  col- 
lected in  inter-tropical  countries,  it  may  be  presumed  that  clear- 
ing off  the  forests  does  actually  diminish  the  mean  annual 
quantity  of  rain  which  falls.* 

*  These  meteorological  observations  are  highly  interesting,  and  worthy 
of  every  consideration.  That  nnforesting  a  country  makes  it  absolutely 
drier,  seems  unquestionable ;  but  whether  that  be  in  consequence  of  less 
rain  falling,  or  of  that  which  fells  going  fiEurther,  making  more  show,  may  still 
be  doubtful.  It  does  not  seem  very  legitimate  to  decide,  that  because  a  coun- 
try is  covered  with  wood,  therefore  it  is  wet :  the  converse  of  that  propo- 
sition appears  much  more  probable ;  viz.,  because  a  country  is  wet,  there- 
fore it  is  covered  with  trees.  There  is  one  part  of  the  ocean  which  is 
called  by  mariners  "The  Rains ;"  because  it  rains  there  almost  ceaselessly, 
as  it  does  in  the  province  of  Choco  :  but  the  "  Rains"  has  no  forests  to 
account  for  its  dripping  sky.  Did  that  region  consist  of  dry  land  instead 
of  salt-water,  then  doubtless  its  surfiEU^  would  be  covered  as  that  of  Choco 
is  with  an  impenetrable  forest.  The  subject  is  adverted  to  here,  however, 
not  to  discuss  the  geueral  question,  but  to  throw  out  the  suggestion  that 
under  the  hand  of  man  the  soil  and  even  the  climate  of  our  immense 
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Austnlian  |>os8eBuons  might  posubly  be  improved.  Drongl: 
gnuid  eneiD7  of  the  Australian  lettler ;  and  the  country  ia  genenkl 
of  woo  J. 

Oovernora,  dietrict  govenimenta  and  farmera.  and  all  who  ai«  i 
in  the  prosperity  of  the  colony,  surely  ought  to  encourage,  by  o 
sible  means,  the  growth  of  the  taller  trees  and  shrubs  tbat  are  ii 
to  the  country. 

Exi>editiona  might  be  made  once  or  twice  a  year  at  the  prop 
for  scattering  or  planting  the  seeds  of  these  trees  or  shrubs.  Co 
knoll  within  a  hundred  miles  of  Sydney  be  crowned  with  a  thi 
of  leafy  trees,  there  can  be  Uttle  doubt  that  the  rain  which  falls 
economised ;  and  that  the  beds  of  the  rivers,  instead  of  beinj 
eight  or  nine  montlis,  would  be  occupied  all  the  year  round  by 
moderate  stream  of  water. — Eno.  Ed. 


Priultd  b]r  Sthulit  wid  Co.,  IS,  PoUad  Street. 


CORRECTIONS. 


P«ge 


IM 

Une    6 

/or  employs  Its  erenlngs 

read  employ  their  erenlngs 

199 

27 

rages 

ranges 

341 

17 

definitfvely 

ultimately 

9R2 

23 

800  weight 

800  cwt. 

:M6 

35 

power 

powder 

408 

12 

constitutional 

constituent 

413 

19 

magnificent 

food 

416 

last  Une 

gypsing 

gypsoming  or  plastering 

422 

5 

constituted  by 

cropped  with 

426 

a 

twice  and  a  quarter 

twice  as  much  and  a  quarter 

454 

6 

handy  work 

hand  labour 

491 

2 

repose 
deltghtAil 

rest 

519 

36 

▼ery  useftil 

606 

U 

aUled 

mixed 

624 

last  Une 

wrought 

worked 

633 

2 

the 

this 

668 

9 

more 

greater 

December,  1844. 

SUPPLEMENT  AU  CATALOGUE 


D£  LA 


ANGLAISE,  FRAN9AISE,  ET  ALLEMANDE, 


D£ 


H.  BAILLltlRE, 


FOREIGN  BOOKSELLER  TO  THE  ROYAL  COLLEGE  OF  SURGEONS,  AND  THE 
ROYAL  MEDICAL  AND  CHIRURGICAL  SOCIETY  OF  LONDON, 

219   REGENT  STREET,   LONDON. 


U.  B.  continues  to  rcccivo  a  weekly  parcel  flrom  France,  containing  the  newest  Works  on  Science 
and  General  Literature,  which  he  supplies  at  One  Shilling  per  Franc  on  the  advertised  Price  at  Paris, 
lie  begs  to  acquaint  his  fHends,  and  the  patrons  of  German  Scientific  Works,  that  he  is  able  to  fumiali 
German  Works  and  Periodicals  every  Month  at  the  rate  of  Four  Shillings  the  Bix-Dollar. 


ABICU.  Ueber  die  Natur  und  den  Gusammen- 
hang  der  Vulkanischcn  Bildungen.  4to.  mil  3 
cartes,  2  planches.    Braunschweig,  1841.    Ibt. 

Vucs  illustratives  de  quclques  Phenomdnes 

Gculogiques   prises    sur    le   Vesuvo  et  I'Etna, 
pendant  les  aini6es  1833  et  1834.    Folio.    Paris, 
'20s. 
ABLES.    ErlHutcrungcn  zur  Allgemeinen  Patho- 
logic.   8vo.    Wien,  1844.    9*. 
AClIARlUS.    Mothodus  quo  omnes  detectoe  Li- 
cheues    secundum    Organa    Carpomorpha    ad 
Genera,  Species,  et  Varietates  redigere  atque  ob- 
8er\'ationibus  iUustrare.    With  8  coloured  plates. 
8vo.    Stockholmiw,  1803.     15<. 
ACKEKMAN.    Considurations  Anatoraico  -  Phy- 
siologiqucd  et  Ilistoriques  sur  le  Coipo  du  Chili. 
4to.  avcc  3  planches.    Paris,  1844.    3«. 
AGARDH   (C.  A.)   Ueber  die  EintheUung  der 
Pflanzen  nach  den  Katyledonen.    With  a  plate. 
4to.    2s.  Grf. 
-"—  Ueber  die  Anatomie  und  den  Krcislauf  der 

Cbaren.    With  a  coloured  plate.    4to.    i$. 
.— —  Iconos  Algarum  Europaearum.     8vo.  with 
40  coloured  plates.    Leipsic,  1828.    U.  %i. 

. Synopsis  Generis  Lupini.    8to.  with  a  plate. 

2s.  dd. 

• Systenia  Algarum.     12mo.     Lundse,  1824. 

lis. 

• Species  Algarum.     S  vols.  8ro.     Gryphise, 

1H21-28.  1/.  7#. 
AG  ASS  IZ.  Monographie  des  Poissons  Foeriles  dn 
vieux  (ir^s  Rouge,  ou  Systdme  D^vonicn  (old 
red  sandstone)  des  Ilea  Britanniques  et  de  Bus- 
sic.  Supplemcns  aux  Poissons  Fossilts.  Deux 
livraisoiM  ful.  de  2G  planches,  et  texte.  4to. 
Ncufchiktel,  1844.  3/. 
— —  Rccherches  sur  les  Poissons  FossUes,  compre- 
nant  la  description  de  500  esp^j^ces  qui  n'ezi^ent 
plus,  Texposition  des  lois  de  la  succession  et  du 
dev6ioppement  organique  des  poissons,  noavelle 
classification  de  ces  aidmaux,  exprimant  leur 
rapport,  avec  la  svrie  des  formations ;  enfin  des 
considerations  gcologiques  gte^rales,  tirees  de 
retude  de  ces  fossiles.  NeufchAtel,  1833-43,  6 
Tol.  in-4,  et  atlas  de  250  pi.  in  folio,  publics  en 
18  li>Taisons.  Prix  de  chaque  livraiison,  1/.  10«. 
Ouvrage  complet. 

Les  uvraisons  13 1 18,  to  complete  vsts,  can  be 
had  separately. 


ALLIOMIUS.  Flora Pedemontana,  sire  enumeratio 
motbodica  stirpium  indigenarum  Podcnioutii. 
2  voU.  foUo,  plates.    1775.     1/.  iO«. 

AHMANO.  Stirpium  Rariorum  in  Imperio  Ru- 
theno  sponte  provenicntium  Icones  et  Descrip- 
tiones.    35  plates.    4to.    Petropoll,  1789.  (is.  GJ. 

AMMON.  Die  Angeborcnen  chirurgischen  Krank- 
heiten  des  Menschen.  Avec  un  atlas  de  34 
planches,  folio  and  text.    Berlin.  1842.    3/. 

Klinische  Darsiellungen  der  Krankheiton  des 

menschlichen  Auges.    Fol.  mit  55  ill.  Kupfem. 
Berlin,  1838-41.    7/.  12«. 

ANALEKTEN  iiber  Kinderkrankhelten  oder 
sammlung  Auserwahlter  Ablumdlungen  Uber  die 
Krankheiten  des  Kindlichcn  alters.  4  vols.  8vo. 
Stuttgart,  1834.     1/. 

ANATOMY.  The  Edinburgh  Dissector.  System 
of  Practical  Anatomy,  for  the  use  of  Students  in 
the  Dissecting-Soom.  By  a  Fellow  of  the  Col- 
lege of  Surgeons  in  Edinburgh.    12mo.    Londcm, 

1837.  9s. 

AN  ORAL.  Cours  de  Pathologic  interne,  pro- 
fess^ a  la  Facility  de  M6decine  de  Paris.  8to. 
lOs.Gd. 

—  Precis  d' Anatomie  Patholog^que.  3  Tols. 
8vo.    Paris,  1829.    18f. 

ANDRY.  Manuel  Pratique  de  Percussion  et 
d'Ausculation.    12mo.    Paris.  1844.    3s.  6d. 

i^NNALES  d'Oculistique  et  de  Gynecoloofe, 
public  par  F.  Cunieb.    Vol.  I.  in-4.    Bruxclles, 

1838.  ISs.  Vols.  II.-XII.  in-8.    BruxeUes,  1833- 
1844.    5/. 

— ^  d'Hygidne  publique  et  de  Mcdecine  Legale, 
par  MM.  Adblom,  AHoaxL,  n'AacET,  BAsauu., 
CuEVALUxa,  Dbybeuie,  Esquibol,  Galltibe  db 
Claubbt,  Guebabd,  Kebacdbxh,  Leubkt,  Mabo* 
OixivixB  (d'Ahobbs),  Obfila,  Pabbmt-Dccha- 
TELET,  Tbxbccbet,  Villbbmb.  Los  Annslas 
d'Hygltoe  publique  et  de  Medecine  Legale  para- 
Issent  depois  1819  regulidrement  tous  les  troAs 
mois  par  cahiers  in-8,  2.')0  pages,  avcc  des 
planches.  Le  prix  de  Tabonnement,  par  an,  est 
de  1/.  4s. 

La  collection  complete  1820  i.  1844.  dont  il 

ne  reste  que  pen  d'exemplaires.    32  vol.  in-8, 

fig.    Prix  \4L  14s. 
Tables  Alphabdtiqucs  par  ordrc  des  matldrsa 

et  par  noms  d'auteurs  des  Tomes  I.  A  XX.  poor 

1829  A  1838,  in-8.    2$.(id, 


n.  BaSUhre,  219  B^geai  Street. 


CAVANILLES  (A.  J.)  ObMnrAcionot  lobr*  el 
bisturia  iiauml  ffeivnfU,  atfrieultun.  proMA- 
clun  J  frutu*  d«r  Kejno  da  V«lencia.  4to.  t  ynA. 
ill  I.  Wall  lumpji  auil  ▼lews.  l^U'lrid,  1795.  3/. 
CAZKNA^  E  (A.)  Tr^t«  <!«•  Kypiaiides,  ou  ma- 
laulivs  « i-iierk-uiiei  d«  la  peau.  ln-*>,  ot  atUs  de 
Vj,  plonclu'*  iu-fuliu,  gnvvva  et  coluriCei.  i*arU, 
l'«13.     !/■  141. 

Abri-gi-  I'ratiiiae  del  Maladies  de  la  Teau 

d*a|iri-9  1«M  l>ocumcni  pensia  dam  let  lecooa 
cUnxiuv:*  de  M.  lo  Docteur  Binr.  1  vul.  4to. 
Taris,  l'*^.  11«. 
CU  A PM  AN.  A  lirief  Uetcription  of  the  Charac- 
ten  uf  MiueraU;  forming  a  familiar  introduc- 
tii»n  to  the  !»ciuuce  (^  Minuraluicy.  1  vul.  I2ino. 
AVith  3  plates.    London,  1h44.    U. 

rractioal  Mineralogy;    or,  a  Compendium 

of  the  l)i?>lniguiHhing  Charactera  of  Mineral*. 
Jij  which   tlie  name  of  anj  species  or  variety 
ill  Ww  iniiural  kingdotii  ina^-  he  A|*ecdily  aacur- 
taiiic-1.    Illustrated  with  13  eiigravingit,  stiewing 
*i',i\  »|Hi':iiii.'ii'«.    cvu.    Londnn,  1n43.     It. 
<'U  AKl'llNTlKU.    UU>llulii:a'  Euruiw  desorlptie. 
et  di|iU't:i.>  t:um  tahuli!»  4*>  cvlur^tij.    4to.    Leip- 
Mff,  I^IM.     3/.  4«. 
Clihlil-  IlKUK.     Kapport  ii  M.  Ic  ministre  de  I'in- 
tcriciir  !iuriiiir('-n:ns  h<ipituux,  iKKptces, i-tabliMtc- 
iiii.'ii«>  ot  Hucirtij  du  hicnfaij»aiii:o  dc  I'ltalic.  Iii-4. 
Taris,  1h.|o.     I."»j. 
rilKV  HKl'I..    A  fine  Portrait  of.    Folio.    !**. 
CillKL'K(;iSCllK  llaiid-Kibliothek.    Eiue  Auscr- 
k'-jene  haininluiig  der  l>estou  nvucren  Chirur- 
gloohon  Hchriftuii  dee  Aiulaudes.     14  bde.  bTo. 
kupf.     Wieinar.  1^24-37.    21. 
(MIOL'I. AN T  \\..)  Vorlcsung iibcrdioRranioiikoplc 
Oder  Sohadollehre.    8vo.    Drcs<len,  1M4.    %s.  Gd. 
( ' TiO(^  r  K T  ( J . )    Manuel  complct  d'anatomie  de- 
ik'ripti^u  du  Corps  llumain.    3  rol.  in-4,  avec 
:i4n  planches.    Paris,  1S35.    Fig.  noires,  8/. ;  fig. 
col.  !■'>/. 
COATES  (M.)     Practical  Obscnralions   on  the 
Nature  and  Treatment  of  the  Talipes,  or  Clnb- 
r(M>t ;  particularly  of  the  Talipes  Verus.    Willi 
2  plate j(.    rtvo.    London,  1)440.    1*.  Gd. 
COMMELIN.    Horti  Medici  Kaiiorum  Plantanim 
descriptio  ct  Icones.    2  vols.  fol.  plauchas.    Au- 
stclodaiiii,  lti<J7.     1/. 
— —  Icoiic.t  Plantaruin,  quaquaversmn  prasortlm 
ex  IndiiH,  Collfctanim,  with  84  plates.     4to. 
l.iiKd.  Hatav.  17 1'}.    (a. 
COMOLLU)  (J.)     Plantanim   In  Lariensi  Pro- 
viiicia  Lcctaruni.      Enumeratio  quam    ii>8c  in 
liotanipliiloruiii  u^u  atquc    comiuodo  cscbcbet 
uti  Prodromum   Flonc  comen^.     8to.     New 
c«liti(in.     1^24.    8«. 
COOI'KIC  (Sia   AsTLET).     (Eurres  cbirurgicales 
coiiiplt-te!<,  traduitcs  du  1* Anglais,  avec  dcs  notes 
l>ar  CiiAMAiunac    ct  Ricullot.     8vo.     Paris, 
IH37.     14«. 
COQUKUERT.    Ulustratio  Iconographla  Insecto- 
rnm  qiue  in  miisufis  Parlsiuis  obrtervaTit  et  in 
liiconi  cdidit  J.  Cu.  FABaTcius.  pnemissis cjusdem 
dcHoriptioiiibuj*  acccdent   species  plurlma;,  vel 
nibius  aut  nundum  ci>gnita>.     Parisiis,  an  Till. 
in-4,  de  142  iiages  dc  tcxtc,  et  30  pi.  gravves  et 
colorii'os  avec  soin  et  K'presentaot  plus  de  300 
(t:>pi-cefl.     1  vol.  in-4,  cail.    21. 
C'OL'KTKNAY  (F.  H.)     On  the  Pathology  and 
rnru  of  Stricture  in  the  Uretlira;  Illustrating, 
by  a  selection  from  numerous  interesting  facts 
aiid  rues,  tlie  Oriidn,  Progress,  and  llistory  of 
this  Disease,  in  all  its  Phases,  and  embracing 
every  variety  of  Morbid  Contraction  to  which 
the  Uretlira  is  liable,  together  with  an  account 
of  the  mode  of  treatment  succewAilly  adopted  in 
each  cave:  thus  forming  a  complete  Practical 
Manual  and  Guide  to  the  Appropriate  Treatment 
and  Cure  of  every  si>ocies  of  Uretliral  Stricture. 
The  whole  followed  by  some  Observations  on  the 
Chronic  Enlargement  of  the  Prostate  Gland  in 
Old  Men,  and  iu  Treatment.     Third  edition. 
Hvo.    London,  1846.    It.  M. 
'—  Practical Observationson  the  Chronic Enlarsc- 
ment  of  the  Pruetate  Gland  in  Old  People,  with 
Mode  of  Treatment.  Containing  numerous  caset 
andpUtct.  byo.  In  boards.  London,  1899.  7<.6(f. 


CBAMBRiP.)  P^pUkiM  m»tl<—  m\ 
ties  du  monde,  I* Aae.  P Afri^M.  «<  ^1 
4  Tol.  iD-4,  ct  on  MiniU'inenf  par  frwa. 
pl.  culori«>esL,  relics.     Amsterdam.  177). 

CKANTZ  (J.  N.)  Stirpium  Anstrueifi 
fig.     Vieniue.  I7G9.     lis. 

CRUV£1L.UI£H.     Anatumie  da  wfltkn^ 
de  Phomoui.     Partis  I.    F<jJk),  avse  1 
Paris,  lMf».     «s. 

Anatomie  patholofKiqiM  da  eorps  ta 

deacriptiona  «tcc  Ajnuvs  Uthotnaplufa 
rieoB  daa  diveraaa  Altcratieos  aortidi 
corps  humain  est  susceptible.  Onntii 
public  en  41  Ut.  *»»«f^"«*  oontcnantCI 
texta  irrand  in-fol.  raUdn  velin,avcc& 
et  6  pL  loraqn'il  n'j  a  que  4  pL  eota 
lS30-ln42.     2^.  1  U. 

SuitMcribcrs  are  rtrqmated  »fl  osmfUi: 
at  iu  afrv  fntrnths  the  Puliitktr  vHt  m, 
Lc  Iu  be  ab/c  to  do  to. 

Anatiunie  descriptive.    Secoode  fd 

ln-»».     Paris  1»?43.     U.  *#. 

Atlas  of  tho   Dcsicriptivc  .^naton 

Iluniaa  liodr.  wltli  Explanation  hj  C 
Vol.  1.  containing  ^2  4to.  plates  uf  i 
Hyndenrtology,  aiid  Myrdoifj.  Plain,  U.: 
.V.  l-Si.     London.  1^44. 

Atlas  illustrative    of   the    Aitstis 

Human  Body.     Drawn  iSrom  Naturr 
Beau,  witli  Dowripthtn  by  M.  G.  lW»i 

This  .{flat  will  conifist  altogether  of 
small  4to.  and  is  published  in  Noiul 
containing  4  pbues,  with  deaioriptions. 
tinned  monthly  until  tho  complctiei 
plain ;  coloured,  Sg.     < Parts  I.  to  XlLl! 

Extract  fhim  a  letter  of  Profieasor  Ci 
to  H.  BaiLLiRaa,  dated  Paris,  June  K>. 

**  Je  declare  qm*'  Ls  PlamcMc*  tamt  u 
rcmarqmablct  par  Unr  cxactiiwit,  et  pi 
awe  laquOlea  elte*  sont  CMrculSf.  Jf  i 
(Tjf  rmsoinT  toaOour*  datu  (la  Si  u 
MOM  aXATOIIlB  OBscairriTB  I 

(Signed)  ••  J.  Cacv 

CURTE  (P.  F.)  Annals  of  the  LondM 
pathic  Dispenaary.  I  toL  8vo.  80  N«i 
Vm. 

Practice  of  HomcDopathy.    ItoLSvc 

18W.    6s. 

Principles   of    UonKBopathy.      1 

London,  1837.    5«. 

Domestic  UomoDopathy.     Third  ««l 

London,  1844.    5«. 

•^cr  Jadr. 

CURTIS  AiCD  LILLIE.  An  Epitome  c 
pathetic  Practice  :  compiled  chiedy  i 
RrcutaT,  BsACvaia.  UuKMXGHacu 
New  York,  1843.    5«. 

CUVIER.  A  fine  Portrait  of.     3s.  6d. 

Icooographie  du  K'gne  animal  de  < 

ou  r^reacntation  d'^ir^  nature  di 
espdces  le  plus  reuarquablea,  et  sonvc 
core  tiguree  de  chaque  genre  d'auimM 
IHmvant  servir  d'atlas  A  tous  les  traiu! 
gle,  jiar  F.  £.  Gcsaix,  menihre  de  d 
cietes  savaiites  nationales  ct  etrang^r 
1810-44.  7  vol.  grand  {n-8.  Ce  bel  c 
complet.  11  a  i-tc  public  en  50  livra 
cune  de  10  planches  gravces.  S  w 
texts.  Prix  de  chaque  liTraison,  in 
noiros,Gs. 

Le  mcme,  in-a.  flg.  col.  I5s. 

Le  meme.  in-4,  flg.  col.  I/. 

L'ouvrage  complet  eat  oompostf  de  4» 
avec  un  teats  oaplicatif  pour  diacon 
siuns  qui  ae  Tondent  s^parcmem  in^ 

pL    ( 

I*.  Mammlfdres,  avec  le  portrait  1 

deG.  Cuviaa I   &3 

2*.  Oiaeaux -« 

3*.  Reptiles jq 

4*.  Puiaaona jq 

6*.  Mollaaques  et  soophytes   ^ 

G*.  Annclide^cniatac^  et  arach- 1 

iddes f  M 

7*. Inaectes,  aveo  Is  portrait  del,,, 
'•••■••••  C 
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BISCHOFV  (O.  ▼.)    Die  Kmtosunifleheii  Ge- 

wiichM,  mit  iMfoodnrer  BeruekaiclitlgnBg  der 

Flora  DeatMhUuide  ud  der  Sehwetts.    Two 

part«v  4to.     Containing  13  pUttei.    Mtlmbenr, 

1824.     II. 
——  Lehrhuch  dcr  BoUnik.    b  Tols.  8to.  boards, 

and  atlas  of  plates.    Stuttgart,  1936.    2i.  4t, 
Handbuch  der  Betanisehen  Termlnologle  tmd 

Sytitemkunde.     2   toIs.   4to.    with    100   plates. 

Mumberg,  1830-1844.    3#.  9». 
BLA9IUS.    Akiorglsche  Abbildnngen  oder  Dcr- 

Btellung  der  Blmliten-  cUrurglsehen  Operattonen. 

60  pUtes.  folio.    Berlin,  1844.    2/.  10s. 
BLUVP.    Bynononria  Hedlcanrtnnnt.  lamo.  Leip- 

sigr.  1831.   is.M. 
BLUM.    Die  PseudomarphoMn  desSHnenlrelchs. 

8vo.    Stuttgart,  1843.    8«. 
BOCK(C.£.)  Hand- AtlM  der  AnalomfadesHen- 

schen  nebst  einem  tabellariwhen  Handbneh  der 

Anatomie.    2d  od.  4to.    Lirralsons  1-3,  with  4  pi. 

col.  each  9s.    To  be  completed  in  7  liTraisons. 
BOEGNER.    Die  Enstehung  der  qoellen  und  die 

bildung  dear  Bflneralqaellon.    8to.    FnmkfUrt, 

1843.  2«.  Ci. 

BOEHM.    L.  die  Kranke  Darmschleimhant  in  der 

Asiatischen  Cholera.    8to.  with  2  pis.    Berlin, 

1M38.    2m.  Gd. 
BCEHMER  (O.  R.)  Handbuch  der  Naturgcschichte 

(Economic  und  Andcrer  damit  yerwandten  Wls- 

senschalten  und  Kunste.    9  toIs.  8to.  boards. 

Leipsic.     1/.  Mit. 
BOEH3f£RI  Obserrationnm  Anatomicamm  Ra- 

riorum  Fasciculus  alter  Notabilia  circa  Utennn 

Humanum  continens  cum  Figuris  ad  rinun  e  Ex- 

prcssis.    Folio.    HaUe,  175G.     12f. 
BOI8SIER.     Diognoscs   Plantamm   Orlentanum' 

NoTanim  e  FamiLUs  Thalamttorls.    2  parts,  Syo. 

Genera,  1842-43.    8#. 
Voyage  Botanique  dans  le  Midi  de  l*Eipagno 

pendant  I'ann^  1837.   4to.  arec  178  planches  fig. 

noires.    Paris,  1H39U3.    LiTraisons  1-30.    8/. 
BONAPARTE    (Gabco  LnciAVo).      Iconografla 

della  Fauna  Italica.    23  parts,  containing  138 

Slates,  coloured,  folio.    Rome,  1838-43.    23/. 
NONIEN8I  Scientiarum  et  artlum  institntk) 
atque  Academia  Conimentarii.    8  toI.  in-4.    Bo- 
noniie,  1748-67.    Bound.  6/. 

BONNlNGHAUSEN.  Repertorium  ber  Antip- 
sorischeii  Anneien.  8to.  half-l>ound.  Mnnster, 
1832.     7*. 

BORGNI8*(M.  J.  A.)  Trait6  comnlet  de  Me- 
cani(|ue  appliquee  aux  arts.  10  toI.  ln-4.  Paris, 
1818.     Hi. 

BOUCHARD  AT  (A.)  Histoire  Naturelle,  con- 
tenant  la  Zoologie,  la  Botanique,  la  Mineralogle, 
et  la  Google.  3  rols.  18mo.  witii  308  cuts. 
7s. 

BO  L'G  A R D.  Thdse  sor  le  Delirium  Tremens,  on 
Polle  des  Irrugnes  soutenue  publiquement  i  la 
Facult6  lie  MMecinc  de  rUniversit^  de  Bmxeilcs, 
le  .m  Mai.  1H43.    Hvo.    Bruxelics.  1843.    is. 

BOUHSINGAULT.  Rural  Economy,  in  its  Re- 
lations with  Chemistry,  Physics,  and  Meteorology. 
Translated,  with  Annotations,  Critical  and  i^rac- 
tical,  by  G.  Low,  Agriculturist,  London.  1  toI. 
8to.    London,  1845. 

AND  DUMAS.    The  Chemical  and  Phynlolo- 

erical   Balance   of  Organic  Nature;  an  Essay. 

1  Tol.  12mo.    London,  1844.    4s. 

BO  Y  K R  ( M .  le  Baron).  Traits  des  Maladies  Chl- 
rurpricales  ct  des  Oin'rations  qui  leur  conriennent. 
12  \uls.  Hvo.    Paris,  IHn.    3/. 

BRACHET.      Traitd   de   PHypochondric.     8to. 

1844.  9s. 

BUANDES  (H.W.)  Vorlesungen  {iber  die  Na- 
turicchrc.  8vo.  livraison  1,  with  4  pis.  Leipslg, 
1H44.    4*. 

BRANDT  (J.  F.)  Flora Berolinensis.  ISmo.  Be- 
rolini,  IbS.").    Zs.  Grf. 

. uxD  RATZEBURG.    Medlzinischc  Zoologie, 

Oder  <»4.>trcue  Daratelinng  und  Beschrcibung  der 
Tliiero  die  in  der  Ai-znelinitteblehrc  in  Betracht 
Kummon.  in  Systematischcr  Mffc  hcrausgegoben. 

2  vols.  in-4.  with  GO  coloured  plates.  BerUo, 
1829-33.    4/.  4#. 

BBEGUET.  A  fine  Portrait  of.    Folio.    8r. 


BRERM.  Hnidbtreh  der  Natwgtflchichte  der 
Vdgel  Dentscdilnds.  I11-8,  mlt  47  ilium.  Kupf. 
Umenau,  1831.    II.  19t. 

BRE8LER  (M.)  Generis  Asparagi  Hlstoria  Na- 
turalis  atque  Medlea.    Ilmo.    Berlin.    Is. 

BREYNII,  Prodromi  fkadculi  et  Icones  rariorum 
et  exoticamm  plant&rum.  4to.  33  plates.  Oe- 
dani,  1739.    3f.  Qd. 

BRIDEL  (8.  el).  Muacologlarecentlormn.  2  vols. 
4to.    Gothsp,  1817.     1/.  10«. 

— —  Methodus  nora  Muscorum  ad  natnna  normam 
melius  instituta.  4to.  with  3  plates.  Gotha, 
1819.    9s. 

BRITISH  JOURNAL  OF  HOMOEOPATHY. 
Edited  by  Dr.  Dxtsdali,  Russkl,  and  Black. 
Nos.  1-8.  Price  each  Zs.  6d.  London,  1843-44 . 
Published  quarterly. 

BRUCH  ET  8CHIMPER.  Bryologia  Eoroposa, 
seu  Genera  Muscorum  Europosorum  Monogra- 
phin  illustrata.  4to.  with  olatcs.  Stuttgard, 
1840-44.    34  numbers,  price  of  each,  lOs. 

BRUCH.  UntersuchuBgen  sur Kenntnisa  des  KSr- 
nigen  Pigments  der  'Wlrbelthiere.  4to.  mlt  xwel 
Tsfcln.    Zurich,  1844.    As. 

BRUM  (F.)  Hilliibuch  bei  Untersuchungen  der 
Nahrungsmittel  und  Getriinke.  8to.  with  2 
plates.    Wlen,  1842.    7«. 

BRUNNON  (E.  Von).  Ein  Blick  auf  Hahnemann 
und  die  HomiJopathik.  12mo.  Leipsig,  1844. 
2s.  Gd, 

BRUNS.  Lehrbuch  dcr  Allgemeinen  Anatomie 
des  Menschen.    Braunschweig,  1H41.    8«. 

BUFALINI.  Fondamento  di  Pathologia  AnaU- 
tica.    2  vols.  12mo.    Milano,  1833.    8«. 

BUI8SON.  Traits  de  THydropbobie  (vulgaire- 
ment  appelld  Rage)  suivi  des  Moyons  pr^rvatiib 
ct  curatlft.    Paris,  1825.    U.  6d. 

BULLETIN  de  rAcadfimio  Royale  do  Medecine, 
publil^  par  los  soins  de  la  commission  de  pub- 
lication de  r Academic,  et  redige  par  MM.  B. 
Pausskt,  s£cr£taire  perp£tuel,  F.  Dubois 
(d'Amiens),  s^crfitaire  annuel,  et  J.  B.  Boos- 
QUET,  ster6taire  de  conseil.  Paraisaant  tous  les 
qiiinse  Jours,  par  cahiers  de  48  pages  in-8.  Friz 
de  Tabonnement  pomr  un  an,  \5s. 

< Collection  du  1  Octobre,  1836,  au  30  Sep- 

tembre,  1844.    8  annees  formant  11  forts  tqIs. 
in-8.  chacun  de  1100  pages,    b/.  &s. 

L'ann^o  1844-45,  XHs. 

BURAT.  Geologic  appliqu6,  ou  Traits  de  la  Re- 
cherche et  de  I'Exploitation  des  Mlneraux  utiles. 
8to.  ayecplauchcs.    Paris,  1844.    13*. 

BURDACFI.  Antliropologie  fiir  das  gebildete 
Publicum.  8V0.  mlt  drei  Tafeln.  Stuttgart,  1837. 
lbs.  

BURDE  UHD  WEIGMAN.  Abbildung  und  Besch- 
reibung  merkwiirdigor  Saugethiere  nach  dem 
leben  gemalt.  12  largo  folio  coloured  plates,  and 
2  vols.  4to.  text.    BerUn,  1832.    2/. 

BURMANN.  Rariorum  Afticanarum  Plantanun 
Decaa  Decima.  Avec  100  gravures.  4to.  Am- 
sterdam^ 1738.    19«. 

BUBCH.  Atlas  geburtshiilflicher  AbbUdungen 
mit  Bexugnahme  auf  des  Lehrbuch  der  Ge- 
burtskundc.  4to.  with  48  planches.  Berlin, 
1844.    1/. 

CAMPBELL  (J.  S.)  Observations  on  Tuber- 
culous Consumption;  continuing  new  viewn  on 
the  Nature,  Pathology,  and  Cure  of  tliat  Disease ; 
being  an  attempt  to  found  its  treatinont  on 
raticmal  principles,  deduced  flnom  physiology,  and 
confirmed  by  extensive  application,  illustrated 
with  coloured  drawings,  cloth  bds.  8vo.  1841. 
15s. 

CARABELLI(von).  Systematischos  Handbuch  dor 
Zahnhcilkunde.  3  vols.  8to.  and  4to.  Atlas. 
Wien,  1844.    Mis. 

CARUS.  System  der  Pbysiologio.  3  vols.  8vo. 
Dresden,  1838-iO.    1/.  8«. 

CA8TEL.  Les  liases  Physiologiques  de  la  Mede- 
cine.   8vo.    Paris,  1842.    3«.  6tf. 

CASTLE  (M.)  Fhrenologische  Analyse  des  Ch*. 
rakters  des  Herm  Justinioa  Kemcr.  8vo* 
Heidelberg.    1844.    4s.  Gd, 

CAUCUT.  A  fine  Fortrait  of.    FoUo.    6#. 


n.  BaSl^re,  319  lUgtiit  Street. 

ilKAMEK  (P.)  rtfWcBMti«6^im< 
tla  du  monda,  I'Ajle.  l'AftiWH.« 
4  nil.  I11-4,  et  nil  auppLiuiDt  pv  Br 
pi.  colnriccs,  TvliH-     AnutariUlll.  I' 

:;KANTZ   (J.  N.)      G[lrv<>u>>  AuAiu 

fUnigmme,      Pmrti«  1-     Vtjbo.  htci 


ciiluriCci.    Puii, 


tlwi  !■>  tlw  Sckuto  o(  Ulncrakow. 
Willi  S  pluei.    Lmulan,  IBH.    it. 

Prutlol  Mliunloni  or,  ■ 

of  tlw  UlktmiiuliibluK  <Jli»r»cun 

III  thv  niliwrul  klii(>l«ii  uu;  '•"  » 


Camnoiidlii 
ut  aiiwn 


Lit  or.  F.J 


BlHheii  HelirUlm  ■■«  AuiUiidM.     14  In 
lupf.    Wlnmir,  IXll-n.    31. 
rilOL'I.ANT[L.)VurIe>un))(ltKr<lloKra[^ 
■      -— UlelWr-     —-     •-—•-   ■-■ 


I.   Dresden,  ia 

i-I.OUI'KT  IJ.)    Uuiutl  cuninlol  d'u 
iK'riptlv«  <lu  Curi4  Uujnmln. 


.    ng.  iioln!i,«(.iBg. 


C'OATES  (M.)     Fnc     .      . 
Nsiur*  •nil  Trutnivnt  uf  the  TiUpci.  or  i  luu' 
Pwil;  iiuliculwIJoflhitTillpHVenii.    With 
3  BbXt'.    *n.    Londun,  ]H40.    u.  M. 

CUMMELIN.    Hum  M«dlcl  Rvioriun  riuiUnmi 
dnvriiitln  cl  tnmen.    1  T»ld.  fbl.  pluicli«.    Aih- 


ei  liHllit,  OulkeUmiiu,  < 

LllK<l.  lUiav.  ITIl.    Gf. 

VUMULLIO  (J.)     riDnttrani  In  I.irlcni 

rliwU  JiKUinini.     liiiuniL-ntlu  quini 


n  prtMortlm 


ftr   CDJkWAWiUU     Cl    KlLHELUT.       «VD,       VulM, 

ViHiVKiUiitT.    lUiuIrmtio  kanoKnplila  1mku>- 
nm  qun  In  iiuiwli  l-iu4uiiiii  obKi-vult  at  In 

dcvrlptluiiibuii  mcc«4«iit  Bpccli:*  plurlmK,  rui 
talbiu  milt  nundniii  cuinillir.     Pvitiii,  ui  tjll. 

I'nlbn;  iTliiMntlnK. 

,■  vhtImt  of  UurUd  ContrmuHon  to  whieh 

Ihe  I'mhn  li  llalils,  tdcetlmt  wUh  hi  u«oi 
ofthvnwdoof  tTMtment  HDCdpfiAilljr  mdoptbl 
each  nsc:  Ihim  fnnnliig  «  ctmiplstc  »—-'■' 

HaniHl  mid  flnlile  to  tba  Apiiropriitc ' 

■nil  run  ofanry  apcelM  of  Unthnl  Btileti 
Tbt  whal>  Sillinicil  l>]f  hhihi  ObKrvBtloni  on  th( 
Ohronii!  KnlariHnnii  ut  Uis  Proiiu*  UUiid  In 
Uhl  Men,  and  iti  Trutnicnl,     Third  adiUon. 
Mio.    Lundiin.  iMi.    7i,  rw. 

manl  ul  Ihe  PiurtiU  (iUnd  In  old  P«^.  iclth 
Unde  of  TrcatniMtt.  Conulnlni;  niuiKniiu  CMea 
wutplatCi'  «Ti).lnlfvwda.  lMam,UK.  U.ftL 


curpa  humkl/i  cat  Hiacciitlblo.    Ouv 

taita  sruul  io-fol.  rulaln  TaUn,  *r 
et  G  111.  lorwiu'll  n'y  m  qua  *  |i.  i 
IBlO-IMa.     9U.  III. 
Stt/^Kritfrt  arc  tv^nei/i-d  to  cu^ 

Atuluialo  <leacri|>liTC.     B«Cdiidi 

AiIm  of  tba  UcKriutiTv  AdxI 

Uuniaii  lludy,  with  KsvUiiathin  \,: 

H!^nilvnwdt^y»  and  M ji>1u^.  Plaiiu 

.'  Atia*  LUiutnUTu  'of  tha    Ani 

Hiuiuu  Body.  J>nwn  froDi  Nil 
Hutx.  with  1)cHsrl|itluu  1-y  M.  U.  U 
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pauD  4to-  *nd  U  imtili^bcit  in  ^i 
contaiidng  4  ulMas,  with  dtA^iitiu 

plain:  «ilDund,Ai.  (ranal.IulL 
Kitnct  bvm  a  letter  uTPiuCuaur 
to  B.  Bailliuc,  d>t»l  I'arU,  Jima 

aHV  let^ueViv  efltr  at^iu  t^mtUn.  . 
tf'jr  rniivyL'r  Coi^iirf  tfiiiu  (LA  U 

|8lgiwU  "J.  Cl 

CURIK  (P.  F.)     Aniula  of  tho  Idi 

pMhte  LHapaoMiT.    I  tuI.  6va.   lu  ! 

- —  Praeltco  of  UoiiumpMbf.    1  toL 

Prlncipla*   of    tlaanopatliT. 

Lomlon,  1X37.     Si.  ^^ 
DooHftlc  Homnaopattaj.     TMfJ 

London,  ISM.    S(. 

Vi-Jjinm. 
CUKTI8  AXD  LILLIE.     An  Enllom 

liatbatk!  Pnctica  i  oompiled  cbtaH 

KawYorii.  IMS.    3j! 
ClfTICB.  A  floE  PiRlrslI  uf.     Sa.  6a 
IcunuijraphlB  du  rifot  animal  il 

ciphwi  If  plus  rcnianiuafalea,  tt  ta 
cart  Oehtr  do  chaiiu^  lEontT  d^ai^ 

tfe.  par  V.  K.  t;i'aaix,  uignln  ili 
ciclH  lavautai  nalionalca  ct  cirui 
IHW-U.  T  TUl.  Rnnd  In4l.  Ca  la 
coniidat.    II  a  H«  pHbliv  «  M  U 

La  minia,  in-*,  Kg.  eol.  l.li, 

aT«  un  Uile  oiidiuillf  pour  chac 
itou  quiaa  Tanduu  aipsreniaat  In 
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OUviKB.  leofiogrftphle  du  R^e  Animal,  46*  k 
00*  llT.  (Teste  per  GuniM).  3  toIs.  8vo.  Perls, 
1844.  30f. 

— —  Le^ona  d'Anetomle  comper^  pablKei  per 
DuMERiL,  Laubillard,  et  DomiroY.  8e- 
conUe  Mition.  10  rol.  ln-8.  Pariii,  183G-43.  Les 
Tomes  T.  II.  IV.  (Perties  I.  II.)  V.  VI.  VII.  sont 
en  vento.    Prix  de  cheque,  7«. 

—  Tableau  ^lementalre  d'histoire  naturelle  dea 
enimauz.    In-8.    Hare.    Paris,  an  rii.    \bt, 

IV ALTON.  Die  Skelete  der  Straussartlgen  V5gel 
abgeblldet  und  beschrietien,  ufol.  with  7  plates. 
Bonn.  1827.    1/.  lOf. 

DAMBERGER,  Sechng  Genealogtsche  auch 
Chronologische,  u.  Statische,  Tabellen  ro  Fiir- 
ftentafel  und  Fiirstenbuch,  der  europaisohen 
Staatengeschichte.  Folio.  Regcnsburg,  1831.  10«. 

DAVBY  (J.  G.)  Medico-Lefpal  Reflections  on 
the  Trial  of  Dantkl  M'Nacohte!*,  for  the  Mur- 
der of  Bfr.  Dbummond  ;  with  Remarks  on  the 
different  Forms  of  Insanity  and  the  Irresponsi- 
bility of  the  Insane.   8ro.  London,  1843.     I«.  6<f. 

DE  CANDOLLE.  Prodromus  Systemati  Netu- 
ralls  Regni  Vegetabilis.  8  toIs.  8to.  Paris, 
1834-44.    5/.  17«. 

— —  Index  generalls  et  specialis  ad  Prodromum 
Systematis  Naturalis  Regni  VegeUbllis.  Kdidit 
H.  W.  BUEK,  M.D.     8vo.    Berlin,  1843.     1/. 

— —  Collection  de  M6moires  pour  senrir  k  I'his- 
toire  du  rdgno  T^Mal.  8  mtoioires,  in-4,  avoc 
80  planches.    31. 

DEGEER.  Abhandlungen  zur  Geschichte  dor 
Insecten,  ilbersetst  ron  Gocaa.  7  bde.  4to. 
kupf.    4/.  10«. 

DEJKAN.  Species  General  des  Coleoptdres.  0 
vol.  in-8.    Paris,  I83.S-38.    6/. 

DEMANOEON.  Physiologic  Intellectuelle,  ou 
I'Esprit  dc  I'Honmie.  Troisidme  Edition,  en- 
rich€  de  plusieurs  Obscnrations  nouTcUes.  1  toI  . 
in-8.    Paris,  1843.    %$. 

DESCRIPTION  des  principanx  pares  et  jardins 
de  TEuropc,  arec  des  reroarques  sur  le  jardinage 
ct  Ics  pluitations,  ouvrage  enrichi  d'ostampes 
colorizes.    8  toIs.  fol.    G/.  G«. 

DESPONTAINES.  Flora  Atlantica,  sive  His- 
toria  Plantarum  quic  in  Atlante,  agro  Tuneta- 
no,  ct  Algeriensi,  ftc.  3  toI.  in-4,  avec  363 
planches,  gravies  d'aprds  les  deasins  de  Re- 
DorTK.    Parisiis,  179H.    3/.  iOf. 

DESIRABODE.  Nouveaux  Elements  compleU 
de  la  Science  et  de  I'Art  du  Dentiste.  3  vol. 
in-8.    Paris.  1843.     M«. 

DE80R.  Excursions  et  s^fonrs  dans  les  glaciers 
et  les  hautM  regions  dos  Alpcs  de  M.  Aoassiz 
et  dc  see  compagnons  de  voyage.  In- 1 3,  5  plates. 
Ncuch&tel,  1844.    9«.  (kf. 

DEV AL  (CHAmLKs).  Chimrgie  OcuUire,  ou Trait6 
den  Operations  Chirurgicales  sur  I'CEil.  1  vol. 
in-8.    Paris,  1844.    8«. 

DEVERGIE.  Clinique  de  la  Maladle  Syphili- 
tiquo.  3  vol.  in-4,  atlas  de  150  planches  colo- 
rioes-    Paris,  1833.    7/.  7<. 

(ALrn.)  M6decine  I^(ale,  thtorique  et  pra- 
tique, avec  le  Texte  et  I'lnterpretation  dea  lois 
relatives  k  la  Medecine  legale,  revua  et  an- 
notes  par  J.  B.  Dbhausst,  conseiller  k  la  Cour 
de  Cassation.  Deuxidme  Mition,  aagmentie. 
3  vol.  in-8.    Paris,  1840.    1/.  U. 

DIF.RBACH.  Die  neueeten  Eutdeckungen,  in  der 
Bfateria  Medica.  1  vol.  8vo.   Leipzig,  1840.    \%s. 

DICTIONNAIRE  Raiaonn6,  ^ymologiaue,  eyno- 
nymique  et  polyglotte,  dea  termea  untra  dians  lea 
Sciences  NatureUea,  ooroprenant  I'anatomie,  I'his- 
toiro  naturelle  et  la  physlologie  g^nerales,  I'aatro- 
nomle,  la  botanique,  la  cbimie,  la  geographic 

Ehysiqne,lag^logie,  la  mineralogie.  la  physique, 
t  zoofogie,&c. ;  par  A.  J.L.  Joubdan.  3  forts  vol. 
in-8.  petite-texte  k  3  oolonnes.    Paria,  1834.  18<. 

. universal  de  Matidre  m^dicale  et  de  Th#ra- 

peutiqne  g^nerale,  contenant  I'indication,  la 
description  et  I'emploi  de  tous  les  MMicamens 
connus  dans  les  diverses  parties  du  Globe,  Itc. 
par  MM.  Mbbat  et  Delbxs,  membrea  de  TAca^ 
d#mie  royale  de  mMecine.  Ouvrage  oompkt. 
6forUToLiii-8.    Paiia,  183»-«4.    S/.  12f. 


DICTIONNAIRE  dea  acieneea  mMiealef ,  par  MM. 
Alabd.  AI.IBBBT,  BoTXB,  CnAuaaiXB,  Cctisb, 
Oabdubn,  Haxxk,  Mabjolik,  Mbbat,  Ntbtbh, 
PiKBL,  Rocx,  Rotbb-Cou.abi>,  Vibkt.  60  vol. 
in.8,  half-bound,    Paris,  1813-23.     18/.  18«. 

do  I'industrie  manufacturidre,  commcrcialc, 

et  agricole,  ouvrage  accompagn6  de  1300  fig- 
ures intercalees  dans  le  texte,  par  MM.  Bau- 
DBIMONT,  Blanqci.  Colladik,  Cobiolts,  D'Ab- 
cbt,  p.  Dbbobiusaux,  Dbspbsts,  H.  Gaultibb 
DB  Claubbt,  Goublieb,  Tr.  Olivtkb,  Pabeht- 

DucnATELXT,  SAINTE-PaEUVX,  SODLAMQE-BODIK, 

TBEBOucnBT,  &c.  Ouvragc  complet.  10  vol. 
in-8.  de  700  pp.  chacun.  Paris,  1834-41.  Prix 
de  chaque,  8f . 

De  MMecine  et  de  Chimrgie  pratiques,  par 

MM.   Akdbal,   Beoist,    Blandin,   BotnLLAim. 

BOUVICB,  CBUVEILniEB,   CULLEBIEB,  DesLAKDES, 

Dbveboie,  Duoes,  Dupdttben.  Fovtllb,  Gdi- 

BOUBT,   JOLLT,    LaLLEMAND.  LonDE,  MAOENDII^ 

Mabtin-Solox,  Ratibb,  Rateb,  Rocns,  et  Sam- 
bow.  Ouvrage  complet.  16  forts  vol.  in-H. 
Paris,  1839-36.  Le  prix  de  chaque  volume  est 
de7«. 

DIEFFENBACH.  Die  Operative  Chimrgie.  3 
parts.    8vo.    Leipzig,  1844.    %$. 

DIOSCORIDIS  Anazarbei,  de  materia  medica  Ubrl 
quinque,  ad  fldem  manuscriptorum  et  cum  oom- 
mentarlis  illustravit  C.  Spbenoel,  Grece  et  La- 
tine.    3  vols.  8vo.    Lipsis,  1829.     W.  lOf. 

DIETRICH  (D.)  Das  Wichtigste  aus  dem 
Pflanzenreiche  ftir  Landwirthe,  Fabrikanten, 
Forst-und  Schulmanner,  so  wie  flir  Liebhaber  der 
Pflanzenknnde  iiberhaupt.  32  parts,  small  folio, 
each  containing  4  ool.  plates.    Jena.  1831-38.    2/. 

-— —  Deutschlands  Kryptogamische  Gcwachso. 
Parts  I.  and  II.  8vo.  with  36  col.  pis.  each.  Jena, 
1843.     W. 

Synopsis  Plantarum.    8  vols.  8vo.  Vinariie, 

1839.    3/.  1G«. 

<— —  (A.)  Flora  Marchica  oder  Beschreibung 
der  in  der  Mark  Brandenburg  wUdwachaendeu 
Pflanzen.    12mo.    Berlin,  1841.    \2g. 

DIETERICH8  (J.  F.  C.)  Bertrago  zur  Vctor- 
inar-Chirurgie  und  Akiurgie.  8vo.  with  plates. 
Berlin,  1844.    4#. 

DISSERTATION  aur  le  cacao  et  le  caf5  ct  le  the, 
sur  leur  culture  et  sur  les  diffcrentes preparations. 
Fol.  avec  7  planches  colorizes.    8#. 

DONNE  (A.)  Cours  de  ^Ucroscopie  complement 
taire  dea  Etudes  m^dicales,  anatomic,  microeco- 
pique,  et  physlologie  des  fluides  do  r(!>conomie. 
ln-8.    Paris,  1844.    It.  Gd. 

D'ORBIGNT.  Voyage  dans  PAro^riquo  M^ri- 
dionale,  partie  Fal^ntologie.  In-4,  avec  32 
planches.    Paris,  1843.    2/.  .'V«. 

— —  Voyage  dans  TAmcrique  M6ridionale,  partie 
Geologic.  In- 4,  avec  II  planches  colorizes.  Paris, 
1843.     3/.  ISf. 

L'Homme  Am^ricain  (de  TAm^rique  Meri- 

dionale),  oonridC*r6  sous  les  rapports  physlolo- 
giques  et  moraux.  3  vol.  in-8,  avec  un  atlas  do 
15  planohea  in-4.    Paris,  1839.    18«. 

DUBRUNPAUT.  Traits  complet  de  Part  de  la 
disUllatlon.  3  ?qL  in-8.  Paris,  1834.  I8«. 
Very  scarce. 

Art  defiibrlqaerde  Sucre  deBetterares.  In-8, 

1825.    9s. 

DUCPBTIAUX  de  U  Mortality  k  Bruxelles,  com- 
part k  celle  des  autres  grandea  viUea.  In-8,  with 
a  nuq>.    Blnsxellcs,  1844.    As. 

~—  de  la  oondition  physique  et  moral  des  jcunes 
ouvriera  et  des  moyena  de  Pamdliorer.  3  vol. 
ln-8.    Bruxellea.    IBs. 

DUFRENOT  (A).  Tralt6  de  mineralogie.  3 
vols,  with  plates.    In-8.    Paris,  1844.    18«. 

DUGE8.  Traite  de  physiologic  compar^e  de 
Phommo  et  dea  animanx.  3  vol.  in-8.  avec 
plancbea  lithographi6oa.    Montpelier,  1838.    Us. 

DUMAS,  a  fine  portrait  of.    Folio.    5#. 

Traite  do  Chimie  appliqu^  aux  arts.      Vol. 

VII.  in-8.    Paria,  1844.     I3f.  M. 

DUMAS  Aim  BOUSSINGAULT.    The  Chemical 
and  Phyalological  Balance  of  Organic  Nature  ; 
an  Eaaaj.    13mo.    London,  1844.    it. 
See  BouaaxjiOAVLT. 
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n.  BaHUh^,  219  Begeni  Street. 


DUMORTIEH  (C.)  Eb»I  ctrpofpapUqut pr^tent- 

aiit  une  iiuuvclle  claMification  des  fhilU.    4to. 

with  4  plates.    Bnuellw,  l^yi.    6». 
Dl'NAI..     C'oiwldcratloiw  war  1*  Nature   ct   Ich 

i-jilHMirt-  dr  i|Uoli|iic>«  uim  iK»<  OrRaiie^rfc  la  llcur. 

lii-t,  a\c«"  '.i  pianfhcji.     Parw,  Wi\i.    m. 
M»iio:;ru|ihic  lie  la  famlilc  Ac*  aiinonaoee!!. 

•Itii.    ''i-'i  iiLiU'!*.    I'ttrin,  1^17.     1/.  •**. 
DINSKOKD  iH.)    Thr   Pra«itical  A»lTaiitaffc«  «»f 

liiiiiin'opatliy,  illUhlratiil  by   niiuiunMiH   (.'awn. 

llfdiratod  by  }iGrinimuoii  to  Her  MigeMy  Queen 

Atltiluid*'.     i  vol.  K\u.  lioanta.     1»»4I.    ««. 

TJif    I'atbiinenotic    Effirt!*   «f  iunie  of  the 

|irini>i)i:il  Iii»iiuiH>|iathiu  Kuiiiodie>f.  Hvo.  Lull- 
diiii,  l*«:{H.    *tt. 

Drt'AKuriKU.  Tr^te  eli-mcntairo  de  chiinio 
Indiotrivlle.     1  vol.  in-S.    rarij*.  Ih44.    H*. 

1  )l  SI N C  (Da.  A i«i>T).  KryHtalUiiM-iuiyftlom  dc« 
M«MiM'btii.-hcii  Aujci'M.    In--*,    licrliii.  1k44.    ft*. 

!>rT WO<'M KT.  MeiiiolrcH  pour  !H'r\ir  a  riiUtuiro 
aiiiitoiiiii|iie  et  |ibyMi»l<>|(ii|iiv  dcH  Ve^t'toiix  ctdo« 
AiiimauT.  A\ot.'  ct-Ue  i-piKrauhe  :  "  Je  uotui- 
driv  I'liiiiiiU'  mill  nveim  tout  cc  i^ue  j'at  ixiblir  pro- 
ri'ilciiiiiiciit  Mir  OO"*  niatit>rcs,  ct  qui  uv  w  trouve 
|Kiiiit  ropriKluit  iLiiiH  cettc  c'ullec*ti»n."  PariM, 
l*«:i7.  'i  v(i1.  iii-H,  aotMiiii|m{nu*rt  d'un  ntUu  do 
30  planrlu-9i  (craveos.    Paris,  l(*.'i7.     1/.  As. 

KKKltS  (J.  J.  H.)  1>ic  Khe  uiid  die  F.hcgCMtze 
voiii  iiatum  iaMUKliaftlichon  Stainlpuiu'tv  bc- 
loucluet.    Hvn.     Krlungen,  Ih44.     2ir.  M, 

Kll Kl':.\iiKK<:.  XiiKitze  xur  Krlionntniiw QroMcr 
Oncaniiiatiiiti  iiu  Kleiiien  Uauiiie.  Poliu,  with 
I  colouri-d  plate.    Herlin,  l>*dH.    *»s. 

/ur  KrlienntniM  dcr  ()rxaiiit4ti«in   In   der 

liiclituiur  tlei*  Kleiiwteu  J{aunici».  4to.  with  4 
platr<(.     iicrlin.  lN4*i.     I/. 

(>ru'jni!«ation  in  dcr  Richtiine  iIpr  Kleinirten 

Kauini"*.    4tn.  with  1 1  coloured  plates.    ItcrUu. 

iH.'ll.      1/.  UYs. 

' ((\  (i.)    Die  InfusionsthierMhon   aU  voU- 

kuinuicne  Orfcauisnicn.  1  vul.  folio,  with  04  col. 
pluto.t.     I^i)i7.i;{,  l^3H.     1m/. 

FT  h.  MANDL.    Traite   du  microscope   rt 

dv  »iii  einploic  dans  I'ctude  dcj«  cori^  urKaiiiMvN, 
Kiiivi  do  reohorolicN  snr  I'oivaiiisation  des  in- 
tusuircs.    I  in-««,  avec  14  planches.    PariN  1H31». 

E N  ( '  vr  r.< ) Pl^DI  I-:  Anatomlquc.  coni|irenant  I'ana- 
tmnic  di>fH'ri]>tive.  Panatonitc  gcnerale.  Tana- 
tduiio  iiiitholuKi(|Ui>,  i'histoiro  du  dovc'lopi»onicnt 
et  culle  des  Kacos  humaines,  par  MM.  les  pro- 
rt••iM>ur^  S.  Tu.  iiidCHOFr,  J.  IIknle,  E.  llrsciiKic, 

M.  Til.  NiKMMKRRlN'i:,  K.  G.  TlIBILK,  (i.VaLBVTIW, 

.1.  Vo<ii:l,  H.  Waoxcr,  it.  ct  E.  Werkb.  traduit 
t\v  I'Aili'm.ind  liar  A.  J.  L.  Joukdax,  meniliro 
do  ruojidonite  ruyale  dc  mcdeeine.  10  vul.  iu-i*, 
tifi.     Paris  U13.    Prix  dc  cluwiue,  7x.  Gd. 

LcH  tuino4  I.,  II.,  III.,  IV.,  v.,  VII..  Kmt  en 
vcnto.     II  [laraitra  2  vul.  tuus  le.n  quatrc  niois. 
I'rl  iihjtortatU  oupraftt'  sera  /mhlii'  i'a  $u'tif  parties, 
aitui  diPistfe :  — 
I".    Iliotrrapliie  de  Sucmmcring,  et  hisluiro  dc 

ruuatiiinie   et   de   la   physioloxic   depuis 

IlAi.Lfla,  p.ir  H.  Waoxcr.     I  vol.  io-H. 
•i*.    Osliitlinrl'.'    et     Syndctniolufiio,    par    8.   T. 

HiKMNERMNO  et  U.  Wauxkh. —  Mecanifiue 

d(>«  iiKiuvenienN  do  rhouinie.  par  <l.  et  1-]. 

Weekr.    1  vol.  In-H,  tite. 
3".  Myoldnic  et  aniioologie,  |»ar  F.  W.  Tiibile. 

1  VI d.  in-**. 
4<*.    Ni'vnilogic   ct   anatomie   du   cenrcau,   itar 

Valextin.     1  vul.  in-*»,  fix* 
.'•".    SplunrhniiloKi^   et   orgnnes   iles   sens,   par 

S.  T.  StKHMERRIKO  Ct  E.  UrsCOSB.     1  Vol. 
iu-s. 

Ci".  AuHitMnie  Renerale,  on  }li^tni^o  dos  timus  et 
ilo  la  o<iin|NiHitioa  chiniiquc  du  ooriw  hu> 
ni.-itn,  [lar  IIenlc.    2  vol.  in-M,  fix. 

7*'.  llivtoire  liu  d('voIi>ppcineiit  de  rhoninie.  par 
i<iM<-|uiir.     I  vol.  in-K,  flx. 

>•■•.  Anntoiiiie  patholoulquc,  par  J.YooKL.  1  toI. 
in-s. 

{•'■.  An.iloniio  dc«  races  huniaines  et  des  nuticmii, 
avetr  r.-inaUnide  des  to^unicnts  cxlLTiouni, 
p-ir  K.  Waukek,    1  vol.  in-**. 


EHBENBERO.  Dcr  ChanklOT 
mung  des  M*nnea.  2  vola.  1m 
4jr. 

EICHWALD.  PUntATumNoTtfu 

nitaruni.    Viliui\  If^.ll.    Fidko,  ^ 

— —  Fauna  <.?a«|>io-C&ucA»ia  N>j 
tiunlbus  Noviii.  Koliu,  with  4m 
tions.     retn*piili.  1>«41.     4/. 

EISKLT.  UiMK^hichte  Syateuiati 
der  Iniiectciikuntlo.     hvi*.     Keif 

ELUOTSdN  (J.)  Nuinertiu*  ( 
Oiieratioiis  without  Paiu  iii  the 
witli  KeutarkH  ufion  the  <>|»p 
Momltom  of  the  Uuyal  MedicaJ 
Society  and  utliem  U*  tlie  reo« 
eMiinable  ble«iiii{rs  of  Mestnvr 
'is.  (id. 

See  TrjSTS.  ZoisT 

A  Fine   Portrait   uf  Itoctux 

Stone.     lAintkin.  1*44.     A*,  fid. 

ENDLICIIER.  Genera  PUuitan 
dines  naturmles  diapoMitJi,  aiwl 
|iart.    4to.     VIndubiniNf,  l*»4-i-4 

UND  UNGER.     Gruudxiiize  d 

wood-cut<i.    »*vo.     Wien.  IM3. 

Enchiridion  Kotaiiicuni   eal 

ordineit  Pluntaruni.     »*Vi>.     Loip 

—  Die  Mediclnml-Piiiuizeii.  »< 
13x. 

ENGLEDUE.  Corobral  PhjAaol 
rialism.  With  the  result  uf  tl 
Animal  ytapuetixtH  to  the  Cercbi 
a  I<etterfnnn  l>r.  Klliot«un  un 
nology  and  Materialiam.  >\o. 
\s. 

See  ZoisT. 

EPPS.  Homestic  llomceo^uithy,  < 
Domestic  Treatment  uf  the  'Ma: 
(.Children,  and  Adults  and  fur  t 
the  Treatment  durliii;  I'regnanc 
and  Suckling.     1  ml.  I^nio.     1h4 

ERDMANN.  Journal  fiir  prali 
From  the  coniinencement  iu  1 
vols.  Sro.  bds.     "Ail. 

ERESII  Ilistoria  Phuitarum.  C 
critica  cdidit  F.  WmxLm.  bv 
IMS.     ISf. 

EKIOHSON.  Bericht  ubcr  die  Vi 
l4eistungen  Im  Gebictc  dcr  KntAi 
do«  Jahres,  l'*42.    -^ro.     Her  Iiu. 

-—  Genera  et  Siiccics  Sta|ihyliiiur 
Coleopterorum   Cunilia.     mvo. 
W.  I(U. 

ERNST  BT  ENGRAMF.LLE.  P« 
rope,  pcint'4  d'aprj>s  nature.  8  v< 
planches  ooloriees.     I*arife,  17*«U-! 

EUSCli  i-XD  GKrilKK.  AllxenK 
die  der  Wlssenschaften  und  Kun 
ischcr  Folcre  von  gosammten  Schr 
bcitct,  niit  Kupf.  und  Charten. 
Vol.  I.-XXVIII.  I^lpsiie,  1H34. 
Sectio  11.  Vol.  I.-Xll.  Leifieli; 
Scctio  III.  Vol.  I.-X.     Lclps*ig. 

E9PER  (E.  T.  C.)  Die  Euro|*Ubi; 
llnxc.  7  bde.  4to.  mlt  431  ill.  Ki 
17(C>-18(V4.    2.W. 

— -^  Die  Ausljindiachen  Schmcttcr 
KiOillnm.  Kupf.    F.rlansren.  !*«-.::» 

(J.  F.)    AuariiUrlich*«  Nachric 

deckten  Koolithen  unbekai  niter  v 
ere,  und  denen  sic  enthaltendon  i 
dencn  andeni  denkwiirdiieen  Gn 
Rehiirx.  Lande  d.  MarmarAfthums 
lio,  mit  14  lUum.  Kupf.    Kiirnbei 

ESULTIROL.  Des  maladies  manta 
sous  les  rapports  medical  byielcv 
Icftal.  2  forts  vol.  In-H,  arec  i 
planches  xraveos.    Faria,  iHSci. 

'——  Exanien  du  pn^et  ile  lot  mzr 
in-R.    PariH,  In3K.     |«. 

EVERSMANN.  Fauna  Lopidnptc 
I'ralensis.    hvo.    Caaani.  IM4. 

EVEREST  (T.  R.)  A  PtiimUr  V 
pathy,  exhlbltinff  the  Proent  8t 
cnce.  'id  edition,  anicndod  and  i 
HVO.    London,  IMO.    tir. 


New  Fonign  MedkaL  mud  SekfdUfie  Works. 


SXPOflinOH  (Soofviiir  de  T)  dM  produlto  de 
lindufltrle  Fnui^aiM  de  1839 ;  repsodnotion  ex- 
■cte  de0  principal«i  Etoffra  fk^oniMt  et  bn- 
primfes,  reenell  eofnpoe6  de  SAO  denliM  r^unifl 
on  50  feulllefl  coloriecs  «Tee  »oin.  Folio.  Parbi, 
1840.    bl.bs. 

FABRICTT   fiyvtems   Plezttfconim.    8vo.    Bnin»- 

▼iglD,  1404.     H«. 
— —    Systema   Antliatomm.     8vo.     BrunsTigK, 

1«0A.     Sf. 
FAVRE.     Obww'vattong  0ar  lee  Dtcenui.     Iii-4, 

AToe  !>  planches.    Geneve,  lH4a.    G$. 
— ~-  Coniiid^tlons  G<-olof^que«  sur  le  Mont  8a- 

IcTC  et  SOT  les  Terr^ns  des  environs  de  Qen^e. 

4to.  arec  deux  planches.    GendTe,  1844.    <>f. 
FERRARII.  De  Flonun  Coltura.   LIbrllV.with 

plates.    4to.    Ronue,  1633.    A*.  <kf. 
FIC1NU8.    Flora  derTegendum Dresden.    ISmo. 

Dresden,  1831.    At. 
FIEBER.    Entomolocische  Monographlen.    With 

10  plates.    4to.    Lelpcijr.  1844.    8«. 
FIELDING  AMD    GARDNER.     Bertnm   Plant- 
arum  ;   or  Drawings  and  Descriptions  of  raro 

and  undeacribed  Plants,  from  the  Author's  her- 
barium.     1    Tol.   8vo.  of  75  plates.     London, 

1844.     1/.  U. 
FLOGEL  (Dr.  J.)    Compendhmi  der  Physiologie 

des  Menschen.    8to.    Salzburg,  1840.    %t. 
FLORE  MEDICALE.    IHorite  par  F.  P.  CnAr- 

HEXToy,  D.M.  pointe  par  Tuanif.    8  toI.  in-8, 

boards,  with  cofonred  plates  each.    Paris,  1884. 

W. 
FLOURKN8.    Anatomie  gfo^rale  de  la  Pean  et 

des    Membranes    Muqueuses.      In-4,    avec    G 

planches.    Paris,  1843.    1/. 
— —  M^moires  d* Anatomie  et  de  Phyaiologie  eom- 

par^cs ;  accompagnees  de  hnit  planches.     In-4. 

Paris,  1844.    I89. 
i^ Buffbn,  Ilistoire  de  ses  TraTaux  et  de  ses 

Id6es.    In-12.    Paris,  1844.    4«. 
FODERE.    Tralt6  de  M^dedne  l^e  et  d*Hy- 

gidne  publlque,  ou  de  police  de  sante.   6  tqI.  ln-8. 

Pari^  1813.    1/.  10#. 
FOLDI.    L'Omeopatia   Smascbcrata.     8to.    BH- 

lano,  1841.    3«.  6(f. 
FORSTER  (H.)   Praktlsche  Anleitung  sur  Kennt- 

nlsz  der  Gesetzgebung  (iber  Besteuemng  des 

Branntweins  und  des  Braumalces.     8to.  with 

41  plates.    Beriin,  1830.    8«. 
FOURNEL.    Etude  des  GHes,  fionillers,  et  MeUl- 

llftres  du  Boccage  Vcnd^en,  faite  en  1684  et  1835. 

Paris,  1836.    4to.  and  atlas  fol.    18«. 
FOVILLE.    Traits  complet  de  1* Anatomie,  de  la 

Physiologie,  et  de  la  Pathologic  du  Systcme  Ner- 

veux  C6r^bro-8plnal.  Premidre  partie.  In-8,aToc 

un   atlas   de   ii  planches  in-4.     Paris,  1844. 

1/.  8«. 
FOY.    Manuel  d'hygidne,  ou  hlstoire  des  moyens 

propres  2  consenror  la  sant6  et  i  perfectionner 

le  physique  et  le  moral  de  Tbomme.     In-12. 

Paris,  1845.    it.  6d. 
FRANCOIS.     Essai  sur  les  conTulslons  Idcopa- 

thiques  de  la  face.  In-8.   Bruxelles,  1843.  Ss.  6d. 
FRANK.  De  Curandis  Homlnum  roorbis  Epitome 

praelectionibus  Academicis  dicata.  6  vols.  ISmo. 

Mcdiolani,  1832.     I/.  &«. 
-^  (J.  P.)    Delectus   Opuscnlomm  Medicorum 

antttbac  in  Germanise  oiTerais  acad«niis  edit- 

orum.    3  vols,  post  8to.  half-bound.     Lipsisp, 

1790.    15*. 
(F.S.)  Verxcichniss  der  Miinsen  und  MedalUen 

samkrog.    8to.    Wien,  1844.    2«.  M. 
FRIEDBERG.    Die  angebomen  Kranlrlielten  des 

Henens  und  der  grofsen,  OefSise  dc9  Meoidifn. 

8vo.    X4eipxlg,  1844.    U. 
FRIES  (E.)    Bystema  Mycdogicmn,    S  toIs.  8ro. 

Grypliiswalde,  IH28.    12«. 
. Sind  die  Naturwissenschaften  eln  BUdung- 

smittel.    8vo.    Dresden.  1844.    2«. 
FREISLEBEN  (J.  C.)    Die  Rachsischen  Erzgirage 

in  einer  Auftitcllniig  ihrer  Formatloncn.    8vo. 

Freiberg,  1843.    3jr. 
FI'ESSIJNS.     Vcrxcechnis  dor  ihm  bekannten 

Schweitzouschen  Inaecton.    4to.  with  one  co- 
loured plato.    Zurich,  1775.    4f. 


FtFRllIVAIiL.  On  the  saeeeeiftil  Treatment  and 
Prevention  of  Conaumptlon  and  BoroAila :  fe- 
male diaordert  oouieeted  therewith,  rtnmxms 
glandalar  BweiUngs.    ISroo.    London,  1844.    G«. 

FUSS.  Correspondance  Mathematiqne  et  Phy- 
sique deqnelques  OelMnres  Gfom^tres  du  X  V1I1. 
ri^e.  2  vols,  grand  8vo.  8t.  Petersburg, 
1843.    1/.  10s. 

O  ALL  BT  SPITRZHEIM.  Hedierehes  sur  la  sys- 
tfme  nerveux  en  g^n^ral,  et  sur  celui  du  Cer- 
veau  en  partlcnlier.  In-4,  aveo  one  planohc. 
Paris,  1809.     \As. 

G ARNIER  rrHAREL.  Des  Falslflcations  des  sub- 
stances Allmentaires.  In-12.  Paris,  1844.  4f .  (Wf. 

GAUDIOHAUD.  Recherches  Gen^rales  sur  I'Or- 
ganopaphie,  la  Physiologic  ct  TOrganogOnie  des 
v6g«taux.  4to.  with  18  coloured  plates.  Paris, 
1840.    98s. 

GAUTHIER  (A.)  Histoire  du  Somnambullsme. 
2  vols.  8vo.    Paris,  1842.    10*. 

Introduction  am  Magn^tisme.    In-8.    Paris, 

1840.    6s. 

Recherches  historiques  sur  I'exereise  de  la 

m6dccine,  dans  les  temples  chez  Ics  }»euples  de 
rantlquit6.     llmo.    Paris.  1844.    3j.  Qd. 

GAT-LU88AC,  a  Ane  Portrait  of.    Folio.    3«.  <Mf. 

GAZOLA.  Ittlolitologia  Veronese  del  Museo 
Bosziano,  with  76  plates.  Large  folio.  Verona, 
1796.    5/. 

GERBEB  AND  GULLIVER.  Elements  of  tho 
General  and  Minute  Anatomy  of  Man  and  the 
Mammilla,  chiefly  after  Original  Researches. 
To  which  Is  added  an  Apiiendix,  comprising 
Researches  on  the  Anatomy  of  the  Blood,  Chyle, 
Lymph,    Thymous   Fluid,    Tubercle,  he.      In 

1  vol.  8vo.  Text,  and  an  Atlas  of  84  Plates,  en- 
graved by  L.  Aldodb.  2  vols.  6vo.  Clotb  boards, 
1842.     I/.  4s. 

GERHARDT.  Precis  de  chimie  organique.  Tomo 

premier.    8vo.    Paris,  1844.    %t. 
GESNERI    Opera    Botanica,    edit.    D.    C.    C. 

ScBMiDEL.     2  vols.  foUo,  coloured  plates.     Nu- 

renberg,  1751-71.    3/. 

TabuhG  PhytographicsB    analysin   generom 

plantarum  esdiibentes  cum  conimentatione.  Edit. 
C.  8.  ScniNO.  Folio,  avec  81  planches.  Turid, 
1795.    27*. 

OIROD-CHANTRAS.  Recherches  Chimlqnes  et 
Microscopiqnes  sur  les  Conferves,  Bisses  tre- 
melles.  Avec  36  planches  colori6es.  In-4.  Paris, 
1802.     1/. 

GLEICHEN.  Observations  MicrMCoptques  sur  les 
parties  de  la  generation  des  plantes  renfermees 
dans  les  fleurs.  In-fol.  avec  30  planches  ctrfo- 
ri^s.    Nurombeiv,  1790.    2/. 

GMELIN  (J.  F.)  Ennmeratio  Stiipium  agro  Tu- 
bingensi  in^gonarum.    6vo.    Tnbingv.    2«. 

Flora  Sibirica,  sive  hutoria  Plantarum  81- 

birfsB.  4  vols.  4to.  and  atlas  of  plates  bound. 
Petropoli,  1747-69.    «/. 

Historia  Fucorum.  4to.  with  83  plates.  Pe- 
tropoli, 1768.    6s. 

Beise  durch  Rnssland  cur  Untersuchung  der 

drd  Natur-Relche.  4  vols.  4to.  and  numerous 
plates.    St.  Petersbmv,  1770-84.    2/. 

(Leopold).     Handouch   der  Chcmie.    8vo. 

18  numbers.    Heidelberg,  1844.    I/.  18«. 

GOEBEL  (Fa.)    Pharmaceutische  Waarcnkunde. 

2  vols.  4to.  with  Tl  coloured  plates.  Eisenach, 
1827-34.    4/.  4s. 

GOEZE  (J.  A.  E.)  Versneh  eIner  Natorgeschichte 
derEigenweidewumertblerlseherKOrper.  4to. 
with  44  plates.    Leipzig,  1787.    W.  3«. 

Enropaisebe  Faonmoder  K^tnneeehichteder 

Europaischen  Thiere.  9  vols.  8vo.  Xeipzig,  1791 . 
v.  lOf. 

GOLDFU8S.  Die  Petrefiskten  Dentsehlands  und 
der  angrSnzenden  Lander.  Mit  199  lithograph. 
Tafeln.  3  vols.  fol.  DUsseldorf,  182G-44.  IB/. 
Ouvrage  complet. 

GRAHAM  (T.)  Elements  of  Chcmijitry ;  innlud- 
ing  the  A4)pHcation  of  the  Science  in  the  Arts. 
1  thick  vol.  Hvo.  illustrated  with  woodcuts,  cloth 
Iwards.  1842.  l/.6«.  Part  VI.  and  last  contain- 
ing Organic  Chemistry.  8vo.    9s. 
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i/.  BaiMn,  219  RegetU  Street, 


GRAniAVSKr.  Flora  Ton  Obenchlct'.aii,  and 
•loin  <io»>nko.    hvo.    BmUu,  1443.    6«. 

(iRAKT  (KoBT.  E.)  General  View  ofthe  IMatri- 
hiitinn  of  Extinct  Anlumlt.  lAino.  In  the  British 
AnnnaU  I'*3'.».    London,  IS39.     Ht.  M. 

• ( >ii  the  I'rewnt  8Utc  of  the  MiMllcal  Profcsiion 

in  i:iii;Ianil:  Ix-lng  tho  Annual  Oration  (lolircreil 
lM>riii\'  tho  Momburs  of  the  Hriti»h  Medical  Amu- 
riatioii.  on  \\\e  'Jlst  of  Octol>or,  1*^41.    7s.  fid, 

On  tliv  PrinciiilcK  of  ClafwiAcation  aa  upiiUcd 

to  the  Primary  Diviniond  of  tho  Animal  KinR- 
Ufim.  iHmo.  illuMtratclwithUMwfMMloutn.  Ixut- 
(lon,  Ih;{H.    3».  M.    In  tho  Hritlih  Annual,  1M3M. 

(hitlni««Hof  cumiiaratiTe  Anatomy,    hto.    11- 

lustrntCHl  nith  Uh  woiMlcutfl.  l^ondon,  lh3.%~tl. 
In  iMianU,  I/.  h5.    Part  VII.  with  Titlc-|>atrc, 

jUKt  (MIt.   \t.  Ik/. 

CJUAVKN'llOKST.  IchneiimonoloBia  Eun^^pa. 
3  vo!>.  >vii.     Vratislsvla",  IH29.    27.  \S*. 

(;UIMKI{A<'II.  (ionora  ct  SimtIc!!  Gcntianarum 
nilji'i'tiM  nii<ii>rratii>nihtu  quibuwlam  Pliytuj^eu- 
vrniihirii*.    >*vo.     Stuttxartiie.  IhS!*.    "i*. 

CiHIsol.IJ-:  (A.)  Traiti*  vlimicnuiio et  pratique 
dv  itatholo^ic  Interne.  2  toI.  ln->*.  Pari*,  |Mti. 
K'uc. 

GRoiIMANN.  Daa  Peftt-Contafdum  in  Kg}-i>ton 
nuil  Sviiu;  QncUo  nol)5t  oincni  ik'itra^  turn  ab- 
i«lH.>rr-Systi.iua.    Kvo.     Wien,  1>«44.    Uj». 

(iUKKIN.  Iconograiihio  du  r^gnc  animal  do  G. 
(U'MEH,  on  n'-pri-wntatlon  d'apr^!!  nature  do 
I'nur  di'M  o.'ii>tVo^  Ip  pluM  rvmaninnhlc«,  ct  M^uvcnt 
mm  i-ncorc  llKurt'e  do  ohaquc  genre  d'animanx, 
ouvrauo  |iouvant  itervir  d'atlati  d  touti  Ich  trait  i>9 
•1«>  xrHdotrio.  {tar  V.  E.  Gckrin,  mi>mbrc  de  di- 
viTMHi  socii'tin  KavantOB  nationaleM  vt  vtrangi-rcd. 
Tari^  l«:i0.lK44.  7  vol.  grand  in-M.  Ce  Ih»1 
ouvrajf**  out  complct.  II  a  vtv  puldii-  on  .'jO  liv- 
raiwMiit.  cliiii?unc  do  10  plancIiGN  tnraTii'set  'i  vol. 
hvo.  dc  toxtc.  Prix  de  cliaque  livrai!«on.  in-M, 
ilKtircii  noirom  (\s. 

^—  I.o  nu''UU',  In-'^,  tig.  col.  \^t. 

— *  1.0  nii'ine,  in-i,  flg.  ool.  1/. 

li'ouvra)^  i*omplet  out  compoM'  de  4A0  plancho<>, 
nvcv  un  texto  oxplloatif  pour  ohaounc  dea  <Iivi- 
Hion<(  f |ui  5o  vcndont  svparement  in-H,  iiavoir : 

pl.  Hk.  n.  fig.  col. 

!•.  M.immKvTOff,  avec  lo  portrait!  ijif  *i  VJ  1  o 

diMi.  <'i'vi(ii   y" 

2".  Oi'M'.tux •••     7')  3  3  ft  5 

3«.  KoptiU"* 311  0  IS  2  Ti 

4".  I'liissiinM     70  2  3  h  ■'• 

•'•*.  MiilIiiMi|Uo>t  ot  xiNipliytca   ••••     ^^3  1  IH  4  l.^ 

II".  Aniu'lidi><i,cnU)tACO!i!.ctaraoh-7rn    i  m     <    n 
nid.M S         I  13    4    0 

7".  In.mH'tfi.  Avoc  Ic  portrait  do7  ,,,     •    /.    u    . 
Latukii.m: ]*"     8    C    H    5 

h*«init)n'!iplne  du  nVnc  animals  de  Cuvior. 

I.Uraixins  Hi  A  .'tQ,  texte.  2  vuU.  i^vu.  Parix, 
IX n.     1/.  I05. 

KT  PKCHKRON.    Genera  den  Inaectc*.  ou 

(■xpiisitii>n  dctadli'O  de  tou4  Io9  carartrrcs  pn>- 
pn>s  .1  I'h.i'^un  iIoh  Konroa  de  cotte  cla<t«o  d'aiii- 
nianx.  Iit-H,  nvcc  ftrand  nonibre  do  planchci  cu- 
Itiii.o4.     l*ari»,  1K3:>.     1/.  1G«. 

<:riliLOT  (N.)  Exposition  anatomlqno  de  I'or- 
KaMisntiim  du  oontre  norveux  dann  lo!i  ouatros 
('I;u.«v'4  d'animaux  vert6br6«.  ln-4,  with  lij 
pl.iti>H.     Pari-4.  m44.     \U. 

GriMPKI.,  WILDKNOW.  ET  II  VYNR.  Abll- 
duniz  dor  Di'UtMohen  Holxarten  fur  Fomtmannor 
umi  LivhnalK'r  der  Hotanik.  2  voN.  4t(i.  with 
2H'i  Oidouredongrr.Ting*.    Berlin,  IMI5.    hi. 

CM'I.MVKK.    .sVfGEaHia. 

(il  NTilF.K  (<;.  11.)  Die  Verronkunir  dea  eratcn 
I  >HunionKno<lea  nach  der  liiickcniljiche.  4to. 
Willi  t-.]i|.itoA.    Leipaig.  1-«14.     }(lt. 

•^—  l>io  i'hirurgi<K?he  anatomic  in  AbbUdnngcn. 
r.in  H.-imlbnch  Tiir  Studircnde  und  Auaiilienile 
.\t'r7!to.  NVundiirxto.  &c.  4to.  avoo  S-'V  planohrs. 
llanibiirirh,  |n44.     hi*. 

GI'ltl.T  (K.  F.)  Lohrbuch  dor  vcrKleichendon 
lMiyitiii1u)cio  der  IlauvNauitcthiore.  Hvu.  with 
3  pl.iti-1.     Berlin,  Is37.     lOs. 

lliuiilbm-hdor  Vcrgleiohunden  Anatomic  der 

IIuu>4-Saugt:tbiere.  2  vula.  bw.  Berlin,  li>33. 
19#. 


GURLT  (E.  F.)  Text  m  den 
bUdungen  der  Haus-Saugethi 
1H29.    Ht. 

— ~-  Anatomio  Abbtldttngendtfj 
Second  edition.  Farta  l.-Xl 
IH43-41.    r,/.  r,j. 

GYN.HCIOKUM  Plij*lcui  et  C 
MuUorum  AfHectibiM  Commc 
In  2.     Baaila>,  157G-l6*f>H.    3/. 

nAENKE.      RoliQuian   nac>nk4 
tioncs  et    Icones  Plantartun 
Meridionali  et  Ilorcali,  in  It 
BCarianla  collcnit.      Fasc.   1. 
Praise,  ^2.5.      I/. 

U.\H-N    rr    W.    II KR RICH    i 

Wancenartifren    Insccten.     P 

de  I  fenillo  dc  texte  et  6  pi. 

berg,  lts31-44.     Prix  de  la  llv. 

43  tiPrat'tfitt  titni  en 

r.T  O.  L.  KOCH.     Die  ai 

par  lirraianns  rie  1  feullle  ile 
col.     Nuremberg,  l*«3i-4i. 
son,  4f . 

HAIINEMAyN.  Defence  of  11 
Doctrines;  includlnjc  an  F.xpi 
Wuiiu'rf  llomacopathj  uiiiiia»k« 
London,  IH14.     2*. 

(S.)   On^anoii  der  IIcilknn« 

with  iiortruit.     Leipnig.     H*. 

HALL  (.MAa«UALL).  New  Mem 
System.  True  Spinal  Marrow, 
Phyaiokigy,  Pathulofor.  and  'I 
with  s  engraved  platc-a.    I*ond 

On  tho  Oiacasoa  and  Dri 

Nor^-oua  Syatcm.  in  their  Prin 
their  Modifications  lijr  Age, 
Hereditary    Prctli»iMi»ition,    I 
Diaorder,  and  Organir  DiseaiM 
engraved.    London.  1h41.     l.Sj 

On  the  Mutual   Rclati«md  1 

Physiology,  Pathcdotry,  and  *; 
the  Practice  of  Medicine  ;  Ihu 
L«?otures  for  1842.  sro.  with 
and  one  plain.  I^ondim.  1n|-j. 
Am  an  .Api>on'lix  to  the  al 

n.VLLKR.  Iliiftoria  Rtirpliiin  I 
votiic  inchoata.  3  vols,  folin,  i 
and  Autograph*  fri>iii  .1.  Hi  : 
}<MiTU.  and  A.  IIali.lk.     Hern 

Knumoratlo  Helvftiii*  indi 

Oottlntni'.  Iii'i'J.     i.'>x. 

HANDHL'ril  der  Kiieciellen  P.i 

i*apie  der   Acutcn   Kriuikhcit 

Berlin.  1*444.     10*. 
HAKTMANN  (Pii.  roBa.>     li,.. 

Practica\    ^vo.  Part   1.  de  h\ 

In  13.    Hs. 
Homoopathischc  Pharma'^or 

1m34.    3s.  (yf. 
Thooriw  Morbi  ^ou  Pathologi 

Vindubuiup.  I^IU.     iAs. 
IIASE.      reljeraichttafuln     cur 

Ncueron  Kun«t.    Fulic».     Drci- 
HAUSKK.     VorAich   eiiier   Pni 

Itoutiwhcn  DarNtcIlung;  dc!*  Sch 

ton    Himhaut  und  dor    Schai: 

with  fi  platen.    Olniiir,  |h|3.     : 
HAYNEetDREVKS.  C'hoixde 

S  voIm.  ln-4,  avec  I'iH  planches 

sig,  1H03.    2/. 

Termini  Botanic!    iconihui 

Itotaniache    Kuntapracho    dur 
erijiutert.    C»'J  pi.  4to.  cul.     Hei 

HATNE,  BRANDT,  et  R ATZE 
Daratellung  und  Beachrciboiig  < 
Gebrauchlichen  Gewachae.  1 
n(NtcoLpl.    Berlin,  lAOrt-dS.     l 

HKDWIG.  FlUcum  Genera  cl 
tioro  methi>do  accommu«Iat» 
Rcripta).  Folio,  with  0  col.  n 
81. 

(n.  A.)    Obuerratlonuin   b 

cicuhis  primna.    4tu.    Llpals. 

-  TrtowUa  noatocli.    4tOw    Li 


New  Foreign  Medical  imd  Sekntifie  Works. 


9 


HEDWIG.  D<  FibMB  Teg»Ubilii  et  Animalit  orta. 
B«ct.  I.    4to.    LipsUe.    S«. 

Species  Muacorum  flnondoiomm.    77  ooloored 

pUtea.    4to.    Lipsiie,  1801.    31. 3f. 

Descriptio  et  Adumbratio  Microicoplco>An- 

alytica  Muacorum  frondosomm.  4  voU.  folio, 
with  160  coloured  plates.    1782.    8/. 

— —  Fundamentum  Historin  Naturalis  Muacorum 
frondoaorum.  2  Tola.  4to.  tab.  20  ill.  Lipsiae, 
1787-92.     1/.  2*. 

»——  Microakopiach-Analjtiache  Boaehrelbungen 
und  Abbildungcn  neuer  und  zweifelhafter  Laub- 
Mooae.    Vol.  IV.    Volio,  40  coloured  plates.    1/. 

HEG  E  R  ( A. )  Krfahrungen  im  Gobiethe  dor  Heil- 
knudc.     12mo.    Wien.  1842.    &<.  6d. 

HEINE.  Medicbiisch-Topograpbische  SUeso  Ton 
St.  Petcraburgh.   4to.  St.  Jfeteraburgh,  1644.    2s. 

HELL  (Xatiee  Hoxmaiee  di).  Lea  Steppea  de  la 
Mcr  Caspicmie,  lo  Caucase,  la  Crimce,  et  la 
Buaaie  Meridionale,  Toyage  pittoresque,  hia- 
torique,  et  aciontiflque.  Vol.  I.  or  14  livraiaona, 
1  vol.  in-H.  ct  atlafl  fol.    Paris,  1844.    3/. 

HERRST  (G.)  Das  LymphjefiayayBtem  und 
aeine  verrichtung.    8vo.    GSttingen,  IH44.    Is. 

HERZIG  (W.)  Daa  Medicinlache  Wlen.  12mo. 
Trith  a  plan  of  Vienna.    Wien,  1844.    Gs. 

HEUSINGER  (C.  F.)  Recberchcs  de  pathologic 
compar6e.    2  parta,  4to.    Poria,  1844.    1G«. 

niLPERT  (J.  L).  Englisch-Deutschea  und 
Deutacb-EngliscUea  Wurtcrbuch.  2  Tola.  4to. 
In  4  pai-ts.    Carlsruhc,  1831.    21.  2s. 

HIMLY.  Die  Krankhdten  und  Misabildungcn 
dea  menachlichen  Angcs  und  dorcn  Heilung.  2 
vols.  4to.  mit  G  kupferfeln.   Berlin,  1843.    21.  lOs. 

niPPOCRATE  (CEuvrea  compldtea  d*).  Tra- 
duction nouvellc,  avec  le  teste  Grec  en  regard, 
collaUoniic  aur  lea  manuacrita  et  toutea  lea  Edi- 
tions ;  accompagneea  d*une  introduction,  do  com- 
mentidrea  medioaux,  de  variantea  et  de  notes 
philologiquea ;  suivi  d'une  table  gdn^rale  dea 
matiurcH,  par  E.  Lirrax.  membre  dc  I'lnatitut. 

■  Paria,  1S39-44.  Get  ouvrago  formera  cnriron  8 
forta  vol.  in-8,  dc  600  il  700  pages  chacun.  Prix 
de  chaque  volume,  10s. 

— ~-  II  a  etc  tire  quclques  oxemplairca  aur  J6su8- 
Tclin.    Prix  de  chaque  volume,  I/. 
Les  tovirs  1  d  4  sont  vcntc. 

III8IKGER.  Anteekningar  I.  Physik  och  Goo- 
gro.sl  under  reaor  uti  Sverigo  och  Norrige.  2  vol. 
8TO.  with  platea.    Upsola,  1819.     I0«. 

HOBLYN.  A  Dictionary  of  Terms  uacd  in  Me- 
dicine and  the  Collateral  Sciences.  Second 
Edition.    8vo.    London,  1844.     lOi. 

noCnSTETTER.  Popular  Botanik.  2TOla.evo. 
bound  in  1,  with  22  coloured  plates.     18*. 

n(>KRIN(}  (G).  Ueber  den  Sitz  und  die  Natur  de 
GrauenStaares.  8vo.withpl.  Ilcilbronn,  1844.  3f. 

ITOKVEN.  Recherches  aur  Thiatoire  naturelle  et 
I'anatumie  dcs  limulea.  Folio,  avec  7  plonchca. 
Lcydc,  183M.     18*. 

IIOFF.  Hiihen-Meaaung  einiger  orte  and  Bcrge 
Zwiachcn  Gotha  und  Coburg.  Folio  with  a  co- 
loure<l  plate.    Gotha,  1828.    hs. 

HOFFMANN  (Dr.  O.  F.)  De«:rlptio  et  Adum- 
bratio Plantarum  e  Claaae  Cryptogamica  Lin- 
na>i  quae  Lichenea  dicuntur.  3  vola.  folio,  con- 
taining 72  coloured  plates.  Leipzig,  1790-1801. 
21.  10«. 

• Vegetabilia  Cryptogama.    4to.  with  8  plates. 

1787.     3«.  6<f. 

KOCH,  MTJLLER,  LINZ.    Entomologiache 

Hefte,  Enthaltend  BeitnLge  zur  Weitem  Kennt- 
nias  und  Aufklamng  der  Inaektaageachichte. 
8to.  with  3  coloured  platea.    Franlmart,  1803. 

HOLMSK JOLD.    BeaU  mria  otia  Fungia  Daniels 

impenaa.    4  vola.  folio,  with  42  coloured  platea. 

Haunle.  1799.    15/. 
HOOKER   (SiB  W.  J.)    Icones  Plantarum,  New 

Seriea.    Vols.  I.  II.  and  III.  containing  each  100 

platea  with  explanationa.    8vo.  cloth.    London, 

1 842-44.    1/.  %s.  each  vol. 
. The  London  Journal  of  Botany.    Vola.  I.  and 

U.,  with  24  pUites  each,  boards.  1842-3.    1/.  10a. 

each  Tol. 
Also  pmMishid  mantklif,  with  2  platet.    Price  2s,  M, 


HOOREB  (8n  W.  J.)  NotM  oa  tiM  Botany  of  the 
Antarctic  Visage  oondooted  by  Oapt.  Jas.  Clabk 
Ross,  R.N., F.R.B., in  H.M.8.  Ertbus  and  Terror, 
with  Obaenrationa  on  the  Tuatae  Grass  of  the 
Falkland  Islands.  8to.  with  3  coloured  plates. 
London,  1843.    4a. 

HOPER.  Flora  der  Qraffchaft  Schaumburg  und 
der  Umgegend.    8vo.    Rinteln,  1838.    As. 

HORN  (H).  Physico-Pathologlscho  Darstellung 
des  Schleimflebers.    8vo.    Augsbcrg,  1844.    6a. 

HOST  (N.  T.)  Ftora  Auatriaca.  3  vols.  8vo.  half- 
bound.    Viennae,  1827-^1.    U.  8a. 

HUBENER.  Die  gastrischen  Krankheiten  mo- 
nographiach  dargcotellt.  3  vols.  8to.  Leipzig, 
1844.     16«. 

HUFBLAND.  Manual  of  the  Practice  of  Me- 
dicine, the  Reault  of  Fifty  Years'  Experience. 
By  W.  C.  HuPELAMD,  Phyncian  to  tho  late  King 
of  Prussia,  Professor  in  the  UniTersity  of  Berlin. 
From  tho  Sixth  German  Edition.  Tranalated 
by  C.  BaucHUAcazN  and  R.  Nblson.  6to.  bound. 
London,  1844.     15i. 

Am  Tage  aeiner  Jubel-Feier.    Folio.    Berlin 

1833.    8j. 

— —  Journal  der  praktiachcn  Heilkonde.  75  Bde* 
1795-1833.     15/. 

HULL  (A.  G.)  Tho  Homceopathic  Examiner. 
Subacriptiona  for  Vol.  III.  1/.  lOa.  Vola.  I.  and 
II.  each  1/.  IQs.    New  York,  1839-40. 

HUMBOLDT  (A.)  Sur  lea  loia  que  Ton  observe 
dans  la  distribution  dcs  formes  v6getales.  8vo. 
Paris,  1816.    2a. 

HUNTER  (Dr.  W.)  The  Anatomy  of  tho  Human 
Gravid  Utems,  exhibited  hi  31  figures.  Atlas,  fol. 
1774.    4/.  41. 

HUTER  (K.  C.)  Lehrbuch  der  Geburtshiilfe  fur 
Hebammen.  Second  edition.  8to.  Leipzig, 
1844.    6a. 

JABLONSKT  uvD  HERB8T.  Natur  System  al- 
ler  bekannten  In-und  Au8liin<Uschen  Insecten, 
ScnuBTTEBXiMOB  uud  Kapeb.  21  vols.  8to.  half- 
bound,  and  3  atlases  containing  539  pi.  4to.  beau- 
tifully coloured.    Berlin,  1783-1801.    21/. 

JAC(iUEMONT  (ViCTOB).  Voyage  dans  I'lndo 
pendaitt  lea  Anneca  1828  a  1832.  Publie  sous 
les  au9pices  dc  31.  G  uizot.  49  livraisons  4to.  con- 
tenant  240  planches.  Paris,  1840-44.  Prix  de 
chaque,  8a.  "  Presque  toutcs  les  planches  sont  rr- 
latives  A  la  Botaniquv  des  Indcs." 

JACQUIN.  Hortus  botanicua  Vcndoboncnaia. 
Vol.  111.  folio,  with  100  coloured  platea.    1/.  la. 

Selectainim  Stirpium  Americanarum  hlatoria, 

12mo.  Manhcmii.  1798.    3a.  6</. 

Miacollanea  Auatriaca  a4i  Botanicum,  Che- 

miam  et  Historiam  naturalem  Spectantia,  cum 
flguria  partbn  Coloratis.    2  vols.  4to.    1778.    15«. 

Collectanea  ad  Botanicum,  Chemiam,  Histo- 
riam naturalem  Spectantia,  cum  figuris,  4  vola. 
et  Suppl.  4to.     1786-96.    8/. 

JAHN  ((j .  A.)  Geschichte  der  Astronomic.  Vol. 
1. 8vo.    Leipzig,  1844.    16a. 

JAHR  (G.  H.  O.)  New  Homoeopathic  Pharmaeo- 
pcDia  and  Posok>gy ;  or  tho  Preparations  of  Ho- 
moeopathic Medicines,  and  the  Administration 
of  Doses,  with  Additions,  by  James  KiTcmw, 
M.D.    8vo.    Philadelphia,  1842.     12a. 

— —  Systematisch-alphabetiaches  repertorium  der 
Homoopathischer  Arzneiraittellehre.  Vola.  I.  and 
II.  Vol.  lU.  part  I.  8vo.  DUsscldorf,  1844. 
21.  2s. 

—  New  Manual  of  Homoeopathic  Medicine,  flrom 
the  third  original  edition,  with  Notes  and  Pre- 
fisco  by  Dr.  P.  Crais  and  Dr.  Laubu.  In  2 
vols,  poet  8 vo.    1841.    1/.  8« 

See  CuBiE,  Laubix. 

—  Elementary  Notices  on  Homcsopathy,  trans- 
lated by  GiLioLi,  M.D.  Second  edition.  18mo. 
London,  1845.    3a. 

JAHRBUCH  Berllniaches  f!ir  die  Pharmacie, 
Vop  V.  RofiX,  Geulsn,  Dobbbxikxb,  Kastneb, 
Stoue,  Meisskeb,  V.  LuciK,  und  Lindes.  1795- 
1840.  l2mo.  BerUn.  In  all,  45  years.  Half- 
bound,  9/. 

JAMAIN  (M.  A.)  Manuel  de  peUte  Chimrgle. 
In-13.    PBri»,1844.    3a.  Otf. 
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JSr.  BaaUht,  219  Begeni  Street. 


JAMESON.  Remftrics  on  VirlMctlon,  in  a  Lett«r 
to  tlie  Karl  of  Cacmarran,  Prorideiit  of  tho  So- 
ciety tar  prwomlnir  Cruelty  to  Animals.    I  j.  firf. 

J  ANSON.  MrlanRei  de  chlnirRie  et  comptca 
rfn<hi!«  dc  ia  |iratlquc  olilninocale  de  rili'lil 
Dk'ii  do  l.voii.    III-'*.     l*ai'iiJ,  1M4.    7*. 

JKNNEHI  *l)}«iul!»Ulii  de  Causals  ot  AfTcctilni* 
\'ai'iolarum  Vsrcinariiin.  4to.  with  4  ouluurod 
platen.    Vindobona?'  17«W.    ft*.  M. 

.lENTI  (C.  N.)  l>eiiioMst ratio  Tterl.  Atla*  fol. 
with  \)IatC4  on  iNjardfl.    Niimbpiv,  I7<'»1.     \t.  Is. 

Il.LIGKK.  Ma)!aziii  ftir  InHektcnkundc.  4  wis. 
M.  in  2.    BraunKHin-ffi*.'.  lw)l-5.     W.  k». 

lORG.  llniidlnioh  der  Krankheiton  desi  Woi!>or>*. 
9V0.  with  4  idato-*.    Kcutlinttcn.  I^:i2.    14«. 

KA.\N.  Pnycbopathla  ftczualis.  hto.  Llpsiip, 
IM.U.    3f. 

KAEMTZ.  Cjwnpleto  Oourw  of  Moteomlogj-, 
with  Ni>tci)  hy  Co.  Mai»ti>s,  and  an  Appendix 
l>v  L.  Lalassf.  Tnin»latp4l,  with  Note^  by  ('. 
V.  Walkkr.  llluiitrated  with  l.'i  platen.  Lon- 
don, |N4.^.     12j.  dtt. 

KAKSTNKK  (U.  W.  (J.)  Archlvfiir  dicsmiamnito 
Natiirlehrc.  lywls.Hvo,  NiimlHTK. !«« I- :»«».— 
Archiv  fiir  I'hemlc  mul  Mvtouroloftie.  9  vols. 
Mvo.    NumlH»rjr,  l«30-3.'».    Le  tout.  W. 

K A K ATKN  (O.) Inipunderabiliuni piicKcrtim Eleo- 
trioit^ti.1  the<iria  Dynamira.  4t».  with  2  coluuit>d 
plutp!*.     Ki'mlmi.  lM4.t.    »x.  fjii. 

(r.  J.  H.)  I*hllo!ioi>hio  der  Choinie.  8vo.  Ber- 
lin, iH}3.     <'ur. 

KASTNER  (A.  G.)  Ncue  AhhandlunKen  aun  der 
Naturlohrc,  11au<ihaltung!ikun!it  inul  Mechnnik 
von  der  t(uhwedi5c)ien  Academic  der  Wkvscn- 
nrhaften.  12  vols.  t«To.  with  platen.  I.eipxic, 
17K4-'J2.     1/.  \s. 

KAl'r  (J.  J.)  Classifloation  der  Sanj^ethiere  «nd 
Viiftel.  X\n.  with  2  plates.  Darmstadt.  IS44.  As. 

— —  Description  d'ofwenienn  fowile*  de  niamml- 
ffren  inconnus  Jii-nqu'.-i  present,  qui  jw  tmuvcnt 
an  Museum  de  Damii«tadt.  4to.  and  atlnft  fulio. 
Darmstaiit,  XKVJ.    ht.  K«. 

KEFER8TIEN.  TeutMhland  OeognoHtlsch  Geo- 
loffiiich  dargeKtellt.  Mit  charten  uud  duivK<>ch- 
nittszeichnuntn'u.  7  bdo.  Hvo.  und  kupf.  Weinmr, 
IH21-32.     41.  Ax. 

KKRNElc.  Le  U.iisln.  Hon  espiVe^  et  rarlctos 
de.Mliiocs  et  coh»rii'*e>  d'npr»^  nature,  en  12  liv- 
rai!«oiu.  avec  1 14  desitlnH  orijshial.  Lante  folio, 
niorucco  gilt,  giit  edi^'it.    Htutt^rt.  Im03-I-^.    40/. 

KILIAN.  Allan  of  Midwifery.  Puldi^heii  In  so 
platen,  grand  folio.  DusM^lilurf,  1h3-'i-40.  Cumi- 
plete  work.    4/.  As. 

Kl.EIN  (J.  T.)  Sammlung  ^-ersehledener  Vi"pel 
Eicrin  natUrlioher  Gnisiie  und  mit  lehendiin-n 
Farhcn  ge-whildcrt  und  bepchriehcn.  4tu.  with 
31  coloumi  platen.    Lcipzli;,  17r>4;.    \(is. 

— —  Ova  Avium  I'lurimarum  ad  Naturalem  Ma:;- 
nitudinem  Dulinoata,  et  (ienuini)*  ColnrilmH 
picta  (Latin  and  Cernian).  4to.  with  21  coloureil 
platen.     Lcip/iK«  17('><i.    \C*s. 

Natnralis  Dispnnitin  Echhiodermatum.  2  voln. 

4to.  with  54  Hnc  plates.     Liprn.'.     I/.  liSx. 

Sjiccimcn  l>eM;riptioniii  Petrcract'irum  Ge- 

danennium.  4to.  witii  24  platc.^.  Nureubeiy, 
1770.    2/. 

Hi«toritD  rinclum  Naturalis.    4to.   avec  dc.i 

planches.    Gedani,  1740.     Ids. 

Naturalifl    DixiHwitio    Kehlnoilermatum    nc- 

cenvit  Luoubratiuncula  de  Oculcin  Kchinonun 
Marinorum  cum  Spiclleglo  de  Itclemnitis.  Go- 
danl.  1731.    I5t. 

Zum  Mcdalllcn  und   Munseoplron.     12mo. 

with  platen.     17ri4.    Us.  GJ. 

KLENCKE.  Memoirc  en  r^ponra  il  la  qnention 
Nuivante,  donner  rhistolro;  le«  proprieten  phy- 
fiiipie^  et  c1iinii<|non.  le  mode  d*i*xtractinn  tie 
riiuille  de  foie  du  .Morue  et  de  Kalione  (Or..  .)  l- 
C'OBis,  AflELU,  et  (>L.  C'i:ti')  ;  fain;  c<mnaitn>  rum- 
parativement  ct  par  dci  faltft  li'ur  hisitoiix*  thera- 
pcuti<pic.    In-K.     Anvera.    3«. 

•—  Zootomi-iches  Ta««ohenlc.\lcon.  l«mo.  Lelp- 
sig,  1h41.    7  s. 

(V.  V.  n.)    UlHler  die  ContaglositJJt  cter  Ein- 

gcweidowiinncr.    8to.    Jena,  1844.    ^s. 


KLIRMSTETN  CJ.)  Dlawrtstl 
nierans  goni>ra  Colci>pt«mni 
Fauna  Au-ctrin*.     4to.     Lincii 

KMNI.*<CIII*;  Hand-Bihliotbek: 
Nammliini?  «l«ri*  l>t*^en  Tn*«»-rT 
nii«<:hcn  Sohrifton  dr*  Auslni 
Weiinor,  lK'ji»-3r,.     i/,  io». 

KLUG  <F.)  KntomulftjETia'  Brai 
.•*  coloured  plat 09.     ."if. 

Monoi^raplii.a  Siriciun  c;crrj 

Tabulis  n^ne-ls  c«»l(»ratl9  Tin. 

KNArR  (T.)  Sclvctuft  I»»rtnu 
Kiconim  in  iii^uin  ]>li«c>*;iittiin 
Follfs  with  !».%  platvfi.     Vienna 

KNIl'K.  <tcob.iDrir.il  Mapofth, 
part  of  Franco,  sliewin*^  al*o  tl 
ticn  hy  meniis  t*f  Kftprsi  an^l 
ways  and  principal  K<uid»,  am 
nerals.  Beaiittfully  coloured. 
JS  feet  4  inchpA  hy  4  feot  4  inch 
rrirc.  moiuitcd  on  rulleni.  and 
and  ditto,  in  a  casfe.  4/.  4*. 

<iei}lotrlca!  Map  of  Kiigland 

edition,  heantifully  culourvl.  u 
iMil.     2/.  12*.  iM*. 

KNOKR  ( O .  W . )     Vcrjnuiircn  d. 
(lemiithn.  In  Voivtellun^  oiner  j 
von  MuM^heln  und  aiidom   G 
hn    Mecr    pefunden    wei'>lon. 
coloured  plates.     G  vols.    4 to. 
Bound,  s/. 

1>elici(p  Natunc  Sdectn*.  e4li 

avec  73  «d.  pi.  luAintl.     Durdrc 

TlwMiums  Itci  Herbaria?  f 

vcrsalis  exhilions   Fi:tnir,i3   Kk 
Arborum,  Fruticuni. '    2   t..1«. 
loured  plates.     M'itlelK^rire,  IT: 

KOCn  (G.  D.  J.>  Hynni>si.*  Flor 
llclvetic.-c.  Second  edition.  ^ 
zig.  Irt43.     12*.  i\tt. 

(E.  J.)    Die   Minoral-qacll 

und  der  Sehwoiz.     *<vo.     "Wicn 

K O N 1 N CK .    1  >eMri pt  \*ni  do.«  A  n 
*c  tnnivi-nt  <lans  le  Terrain  II< 
syitrme  ■»ni>i»rieur  du  Terrain 
1.1    Ih-I^(|ue.      In- 4.      Planclit:' 
Liow,  l'*44.     4/.  in*. 

KOI'P.  Dentiirerdigkeiton  in  do 
vis.     Vol.  V.  «vo.     FiMnUfort, 

KRAl'SS.  Die  Sudafrlkanl*v-!iei 
Zummmon:<t<-I1uii((  tiller  IWkj 
traea.     Ito.  with  4  plates.     Stnt 

KREII).  Mab'uetlK'ho  und  Mcti: 
tiAchtuniren  xu  Prap.      4tn.     Vn 

KltOCKER.  Floi-a  Silcsiaca.  w  ith 
3  vols.    Vratislavia*.  IT»*7.     1/   1 

KINTII  (K.  S.)  rharn».x'or..rn 
Rcfuhrton  oflicinellcn,  Clcwich^i 
1^.14.    fi.». 

Flora  BerolincnMs.  2  %vjI.  ^vo. 

Enumeratio    Flantarnm   «.n; 

r«Mniitanm»  secundum  FainUii 
IHinita.  .i(\iecti4  Character! bu>. 
Synonymis.  5  vol.  hvo.  and  idat^ 
ls;W-43.    3/.  I. '.jr. 

KrNZE  (G.)  Supplemcnto  dor  ! 
xirEs)  xu  Schkuhr*!*  Monojirri 
N«».  I,  2,  .1,  Kvo.  wlih  20  ciduun 
part»«i.    Leipzig.  1M4 1-43. 

Kl'lTRKCHT  (J.  B.)  I  iMjr  da*  i 
Indirum  feine  Gescliiclitc  He 
PAwre.    *vo.    "Wien,  1^.13.     4, 

KUTTNEH-  Medecinl»che  P 
l-'in  llandworterbuch  fiir  die  A 
2  toIh.  8vo.     Leipslg.  1k3G.     |/,' 

KUTZIT>?G.  rbcr  die  Verwan*! 
Korien  in  nledere  Algenformcu  . 
4io.    Kurdhauscn,  1»44.     3*. 

LARILLARDIF.RE.  Nova;  DolU 
.•*|i(KMmon.  2  volii.  4to.  biiund     Pa 

LACATCHE.  Etude*  liydn.u.tnj 
graph iipics.  «vo.  avec  I  T'Linehot 

I.  A  I'lTTE.  Kymptomatol.  vie  If  mi 
tableau  fynoptiquc  do  toutc  la  ir 
pure.    7  liv.  gd.  8tu.    Ports,  14  i*j 
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ULFOBE.  TnH£  dif  BMlMlifli  pwtiflDlttnt  MB 
gnNida  nuninuia,  imcMe  de  notions  ^tenduea 
sur  ram^lioration  et  l^hygitoe  ds  cm  antanaux, 
mivi  d*an  traits  wur  les  vaelMS  laltl^rM,  areo  ime 
ffravure.    8vo.    Paris,  184S.     \0s. 

LALANNE.    Meteorology.    S^Kasmtz. 

LAMAR&  (J.  B.  P.)  Histolre  naturelle  dM  anl- 
maux  sans  Tortdlms,  pr^seniaot  les  caractdras 

SinirAax  et  particoliers  de  ces  animanx,  leur 
ifttribution,  leurs  classes,  lcur»  families,  leurs 
genres,  et  la  citation  qmonjmiqiie  dee  principales 
espdees  qui  aTy  rapportent.  Deuxidme  6dition, 
revue  et  augmentee  des  iSuts  nouTeaox  dont  la 
science  s'cRt  enrichie  josqn'd  ce  jour,  par  M.  (i. 
P.  DoBATSS et  H.  MiLKE  EnwAaDB.  Xi. forts  ¥ol. 
in-8.  Paris,  iH36-44.  Prix  de  chaque,  Ht. 
he*  ioma  l.-X.  4«s<  em  pentt. 

LAMOUROUX.  CoraUina;  or.  a  Classical  Ar- 
rangement of  Flexible  Coralline  Polypidoms,  se- 
lected from  the  French,  wiUi  19  plates.  8to. 
cloth.    London,  lf^24.    Bt. 

LANGENBECK  (C.  J.  M.)  Nofldogie  und  The- 
rapie  der  ohirurs^schen  Krankheiten.  Vol.  1-5. 
8vo.    Gottingen,  1840.    'i/. 

— —  I>e  Retina  Obsenrationes  Anatomioo-patho- 
logiesB    4to.  with  4  plates.   Gottingae,  1836.    Is. 

LAURIE  (T.)  UomcBopathic  Domestic  Medicine. 
ISmo.  3d  edition.    London,  1844.    8s. 

LAVAOHERIR.  De  la  gangrtee  de  la  bouche, 
avec  necrose  des  os  maxillaires.    8to.     U.  6d. 

LEBAin>y.  The  Anatomy  of  the  Regions  inte- 
rested in  the  Sufgieal  Operations  performed  upon 
the  Human  Body  ;  with  occasional  Views  of  the 
Pathologlad  Conditions  which  reader  the  inter- 
iSu^noeof  the  Surgeon  necessary.  In  a  series  of 
18  plates  on  India  paper,  the  sise  of  life.  With 
additions.    Folio.    London,  1836.     W.  4s. 

LtE  BLANC.  Nourelle  m6thode  d'operer  les  hcr- 
nies,  avec  une  cssai  sur  des  hemies  rares  et  peu 
connues,  par  M.  Uoiir.  3  vol.  in-8.  Paris,  1789. 
12m. 

LECOQ  (H).  Precis  fl^mentairo  de  Botanique 
et  de  Pliysiologie  vegfitale,  oontenant  rHiatoire 
eompl^e  de  tontes  les  parties  des  Plantos,  et 
PExposition  das  rdgles  i  tmwn  pour  decrire  et 
classerdcs  V6getaux.    In-8.    Paris,  1831.    5«. 

*-—  n  JUILLET.  Noureaa  Dictioonaire  RaU 
sonne  des  Terroes  de  Botanique  et  des  Fa- 
milies naturelles,  contcnant  I'Etyroologie  et  la 
Description  d^taillee  de  Urns  lea  Orgaaes,  leur 
Bynonomie,  et  do  la  Definition  des  Ad^fectifi. 
1  vol.  h>-8.    Paris,  1H41.    9t. 

LEDEBOUR.  Flora  Altaica.  4  vols,  bound,  and 
■upi^onent.    Berolini,  1839-36.    II.  lOt. 

LEDRU  (Amdek  Piebsb).  Voyage  aux  Ilea  dc 
Ten§riffe.  La  Triniti,  Bt.  Thomas,  6t  Cndz,  et 
Porto  Ricco.    3  vol.  in-8.    Paris,  1810.    8r. 

LEE  (R.)  The  Anatomy  of  the  Nerves  of  the 
Uterus.  FoUo,  with  8  engraved  idates.  London, 
1841.     8«. 

LEERS  (J.  D.)  Flora  Herbornensis  exhibens 
Plantas  circa  Herbomam  Naasoviomm  eres- 
centes.    8vo.  with  IG  plates.    Berlin,  1789.    0$. 

LEHMANN.  Lehrbooh  der  Phyatolo^achan  Che- 
mie.    8vo.    Leipsig.  MMS.    9f. 

LEIBNITII  ET  BERNOULLII.  Coaunerdnm 
Philoeophicum  et  Mathfflnmticum.  t  vols.  4to. 
Lausanne,  1745.    lbs. 

LEIGHTON  ( W.  A.)  A  Fkraofflhroipahire.  8vo. 
cloth,  with  plates.    London,  1841 .    \%s. 

LE  MAOUT  (E.)  Lecons  ^l&nentalras  de  Bo- 
tanique, fond6es  sur  I'analysede  50  phuites  vul- 
gaires,  at  formant  nn  traits  eonqriet  d'Organo- 
graphic  et  do  Physlologie  V^g^tale,  k  I'nsagea  des 
etodiens  et  des  gens  du  moode.  In-8,  aT«ett4 
figures.  Par^  1843.  Prix,  flgarea  noires,  l&f . ; 
eoloriees,  U.  b*. 

I«EMONNIER.  Programme  de  I'ennignament  de 
rhist<rire  naturelle  dans  les  eoUtees,  adopte  par 
le  oonseil  royal  de  rinstmction  publiqiM,  dinwse 
en  49  tableaux  methodiques.  Troisi^me  edit. 
in-4.  Paris,  1840.  Cartonne,  fig.  oolori^  II.  4«. ; 
fig.  noires,  lOt. 

LEON  HARD.  Propsedeutik  dor  Mineralogie  mit 
10  aohwanen  nnd  anagemalten  KupCurtafaki. 
FoUo.    Fraokfiirt,  1817.    1/.  4«. 


LE  PRuBUK.  J/hommm  MBaMir6  dam  mi  rap- 
ports av<eo  l*itnKMphdra,  on  noavdle  doctrine  det 
ipldteiea.    t  vol.  in-S.    Parte.  1885.    10». 

LEROY  (D*ETtouBi).  RecenU  de  lettrea  et  de 
mtoioires  adresaes  i  TAcademie  des  Sciences 
pendant  les  ann^  1848  et  1843.  ln-8.  Paris, 
1844.    5s. 

LERSCH  (L.)  FaMos  Planciades  Fulgontins  do 
abfltrusis  Sermonlbus.    8vo.    Bonn,  1844.    4f. 

LEVAILLANT  (F.)  Histolre  naturelle  desper- 
roquets.  2  vols,  large  iUlo,  dende  rel.  with  189 
coloured  platea.    Paris,  1804.    13/. 

LEVRKT.  Kssai  sur  I'Abus  des  r^es  gpn6c«ics 
et  centre  les  pr^ngte  qui  s'opposent  au  progrds 
de  Tart  des  Accouchmens,  avec  figures,  ln-8. 
Paris,  1766.    As. 

*-^—  Obeervatlcns  snr  la  core  radleale  de  pluslenrs 
polypes  de  la  Matrice  de  la  Gorge,  et  du  Nez. 
Troisidme  Edition.    1  vol.  in-8.   Paris,  1759.    Ss. 

L'art  des  aocouchemena,  d^nKMitrc  par  det 

principes  de  physiques  et  de  mtehaniqnes. 
Troisidmo  Mition,  revue  et  corrigee  par  I'Au- 
teur ;  avec  un  abrBg^  de  son  sentiment  snr  let 
aphorismes  de  Bl&inucxAD.  In-8.  Paris,  1766.  5«. 

LEVY  (M.)  Traits  d'Hygidne  publique  et  priv^e. 
Vol.  I.    In-8.    Paris,  1844.    7*. 

LEY8SER  (P.  W.)  Flora  Halensis  exlribens 
plantaseiroa  halamsalicam  creacentes  secundum 
systeroa  sexuale  Linneanum  diatributas.  8vo. 
Hale  SalicA,  1783.    4t. 

L*HER[TIER.  Traits  de  ehimie  pathologique,  ou 
redierehes  ehimiques  sur  les  solidcs  et  lea  li- 
quides  du  corps  hnmain,  dans  Icurs  rapports  avec 
la  i^ysiologie  et  la  pathologle.  ln-8,  avec  une  pi. 
Paris,  1848.    9«. 

Stirpes  NovjB  Deacriptionlbus  et  Iconibua  II- 

lustratse.  Large  foL  avec  84  planches.  Parb^ 
1784.     U.  lOx. 

— —  Camus  Specimen  Botanicum  sistens  Descri^ 
tiones  et  Icones  spedenun  Corminuaeognitarum. 
Folio,  avec  6  planohes.    Paris,  1788.    lOr. 

LIEBIG.  Poggendorir  and  Wboler  Handwfirtcr- 
bueh  der  mnen  und  angexwandten  Chemie. 
Vol.  I.  8vo.  bd.    Braunschweig.  1842.     I8«. 

Chemiache  Briefs.    18mo.  Heidelberg,    1844. 

Traits  de  Chimie  Organiqne.   3  vols.  8vo.   6s. 

Paris,  1840-44.    I/.  6s. 

S^par^ment.    Vol.  III.  Svo.    Paris,  1844.   7s. 

LINNiEI  Amosnitates  AcadendcsB.  ]0vols.8vo. 
plates.    Editio  tertia.    Erlangn,  1787.    3/.  As. 

— ~  Systema,  Genera,  Species  Plantarum.  Editio 
critica,  adatricta,  conferta  sive  Codex  Botanicua 
Linnssanus,  cnm  idena  edittonum  discrepanUa 
exhibens.  In  usum  Botanicomm  Practienm, 
edidlt  H.  E.  Rtcstbb.  4to.   Lipsin,  1840.  8/.  IGs. 

— '  Systema  VegetahiUnm.  edent.  Spbotoxl. 
6  vols.  8vo.  half-bound.   GottingK,  1885.   31.  \0s. 

•— —  Oratio  de  Kecessltate  Peregrinationum  ix^ 
Patriam,  ke.    8n>.    Lugd.  Bat.  1748.    Is.  6rf. 

— —  Genera  Plantamm.  Editio  nova  eurante-C. 
Spebwokl.    a  vols.  8vo.    GoattingsB,  1833.    II. 

LINN^A :  ein  Journal  fur  die  Botanik  hi  ihrem 
ganaen  UmfiHsge  Heransgegtben  von  Scslbo^ 
tbvdaXm  From  the  oommenoement,  in  1826,  to 
1832.     13  vols.  8vo.  boards.    9/. 

LITTRE.  CEuvrea  oomplMea  d'Hippocrate,  tr»- 
ductiim  nonvelle,  avec  le  teste  Orec  en  retard. 
Tome  IV.  In-8.  Paris,  1844.  lOs.  Lee  quatrea 
volumes,  V. 

Aphorismes  d'HIppoorate.     In-18.     Paris, 

1844.    9s, 

LITZMANN  (C.  T.  C.)  Daa  kindbettlleber  in 
noeoIogisclMr,  gesehiehthiber  und  therapentli- 
Cher  Beaiehnng.    8vo.    HaUe,  1844.    19s. 

LOHRMANN  (W.  G.)  Topogcaphie  der  sieht- 
baren  Biondoherfliielie.  Part  I.  4ta.  with  6 
pUUes.    Dresden,  1834.    i&s. 

— —  Poids  mMioanx  et  pharmaMutiqaMi  de  tons 
lee  (tots  ct  villes  Ubrea  de  TEnrope,  en  38  ta- 
Ueanx  partienUen.    In-4.    Leipale.  1833.    8t. 

LOISELKUR-DESLONGCHAMPS.  Flora  Gal- 
lioa,  sen  ennmeratto  Plantarum  in  Gallia  sponte 
naaoentium,  secnndnm  LiHWimm  diaposita,  ad- 
ditafiunlUammnaturaliumsynopsi.  Novaeditio, 
emendata,  ancU.  Pariaiia,  1838.  8  voL  In-S, 
com  Tabnlia  XXXL    16«.    ^ 
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LONGET  (F.  A.)  Anatomic  «l  physloloRic  du 
nTfitOme  norfcuz  d«  rhomme  et  doi  animaux 
vorti'hrtni ;  ouTraffc  contcnant  <tM  obtenrations 
patholiipquei  rolativcs  an  iTfltdme  ncrroiia  et 
ilfK  ovprriuiicM  sur  loi  aiiimaux  do«  claaM-i 
SHlH-rUiirt'S.    iTol.  in-R.    PartP,  1843.     !•*». 

LOIIKI'.IKO  fJoANS»!«).  Flura  Cochinchiiicnsis, 
ftiHtuiiM  plantaii  in  regno  Cochinchina  nascentet, 
F.ilont.  WiLLDENow.    bTO.  2  Tulj.  In  I.    llorlln, 

17'J3. 
LOW  (G.)    .Srr  BorMiNr.ArxT. 
Ll'DWlO  (C?.  Fa.)  Delectus  Opuiculoruin.  Vol.  I. 

Hni.    heipxlir.  I ?*.*'>.    6». 

—  fC.  it.)  Genera  Flantanim.  Ato.  LipsLr, 
I7WK    5*. 

—  Sorl|il»rc!i  ntTrologlcl  mlnores  M>IcRti.  SI 
tipnra  minora  ad  Anatoinlam,  rhf«lolii|riajn.  et 
PathiiloRiani.  Norvunini  ipcrtantia.  4  voIh.  4fo. 
platen.    I.ei|izi>r.  IT'JI-M.    3/.  15*. 

Lr<iOL.      Kei'hopches   et    obMrvatli»ni  ?ur    leu 

raiivs  ilo«  iualA<1if9  Senifuleutfes.     In-K.    Pari*. 

iHtl.    It. 
LYONET.    Traite  anatomique  de  la  clionillo  qui 

miiirt*  le  \h*\*  de  Mulo.    In-4,  avec  l*t  plaiichen. 

La  llayo.  1762.    3/.  IU«. 

MAGAZIN    der    rieioUffohaft    Naturforichcnder 

Froundo  zu  Berlin.    Neuc   Schriften.    4  toU. 

4t<>.  (>ontninInff  :<•'•  idatoa.     Uerlin.  I7'J5-IK03.    4/. 
M  .\  < ■  .\  Z I N  K  of  Zoology  and  Uutanj.    ( 'unductinl 

\tj  Sir  W.  jAaDiME.  Hart..  1*.  J.  SKLnv,  Kjmi., 

and  Dr.  Joum^ton.     3  voU.  hvo.    rMinburgli. 

lM37-aH.     \hs, 
MAtiNKTISM  (lo).  et  Ic  Romnamlialiam  de\-antK 

leM  eon"*  iwvants  la  ci^uf  de  Kuuie  t>t  les  Tlutt- 

lofden*.    MVD.    Pari*.  Isl4.    7«. 
MA(;N0L.     llortuB  Refdus  Monvpclioniia.    Kvn. 

11»  platen.     I«;i»7.    2«. 
MAILl.TDT.      Tralto    Pratique    de    Pcrcussier. 

Timo.    Parifi,  1*^13.    Zs.  iW. 
MAN.  Natural  Ilirtory  of.    Av  PaiciiamD. 
MANI>I<.    Anatomie   Mieroacopique.   divisec   en 

deu\  HtTieM.  tii«!iuii  et  tinranca,  liquidea.    Pariv, 

IH3M-M.    (*vt  uuvrade  funnora  25  livr.,  publiees 

)Mir  eahif^r^  dn  ."t  feuillea  et  de  tcxto  et  3  pi. 

Pii.t  dn  cha<iuQ  lirraison,  (i$. 
H!  Uvral«>n<(  iiuMicoHcciniprennent:  Preniirro 

pr-rie:     I*.    Mutctcx i     '!•    et   3",  Kerfs    ft    (Vr- 

r«v»ii  ;  1"et .'»".  .Ipfu'ndiCi'tti'fiHt/U'Hfain'jf  y  iV*.  7^r- 

fHiHtihoH  th's  tit-rft  i  7»,  Ciirtila^rf,  ih  rt  Ihnts  ; 

H»,  Tissue  r,'iiitlttir  ct  aiiiih-tij  ;  '.»■',  Tutus  u'rfHj; 

/ihrintr  rf  cVn ■.titjtn'.*.    1  h'U  x i i-uw  i»erio :  1  •»,  Sane  ; 

2",  l*»t  *'t  Mhch%  ;  ."i",  I. ait  ct  I'ttne,  fpttlrrtiu't, 

ct  F.fitfit'huiH.  tUi'HtU's. 

.MuniicI  d'.iuntiiuilc  (zr-nOrnle  appH<iui-e  ,i  lu 

phv«iii»lo;;ie  et  la  pathologic.     In-s,  avce  .'i  pi.  yfy. 
Paris  I  •'13.    x>. 

ET  KIUIKMHERG  (O.  «.)  Traite  pra- 
tique dii  Mi(*ro^'i>pe  et  dehonemplidilAnsrrtuiIi? 
des*  e«>n"  "r-flinineH  Ruivi  de  n^chereheH  wir  I'or- 
KuniHHtion  de.-*  <ininiaux  infuaulrcH.  In-N,  avce  14 
pi.     Parin.  |K."W».    k*.   . 

MANN  (J.  O.)  Dcutitchlanda  frcfahrliehnto  Gi- 
litpfl.inTwn.  Tab.  24  culourod.  Fiilio.  Stutt- 
Rftrt.  1H2'.».     1/. 

MANU.Vl.  i»f  Veterinary  ]Iomtipn|iatliy.  Com- 
ptvliendiiiK  the  Treatment  of  the  Disease*  in 
DiinioHtie  AnimaN.     Ixnin.     London,  iMfl.    45. 

MAPPl.  liiMtoria  Plantamm  Aniaticanini.  4to. 
with  7  plalcH.    Ani!itel«>daini,  1742.    3*. 

MARCilAND.  lA'hrhuch  dcr  PhysioiogiKlion 
(Mifmle.    HTO.    nerlin«lN41.     in«. 

MAK<'nKTTl.  Dcir  Oltalmojicopla  e  dell'  In- 
tnHhixiit'.ie  alio  studio  deir  ottalmulogla.  Hvo. 
Paria,  \<M.    fit, 

MAKHHAL.  Dea  Ahrofl  Phlemnoncux  Intra  pel- 
viiiit.    Hvi>.    Paria,  1^41.    3^.  <*></. 

M,\WTIN  (W.  <•.  L.)  A  General  lntmdncti»n  to 
the  Natural  Hintorj  of  .Mainniifer»iui  Aninial!«. 
With  a  ]iartieular  View  of  the  Pliyaieal  IIlMtory 
of  Man,  and  the  more  riowly  allied  Genera  <if  the 
OnliT  •■  tluadrumana."  or  Monkey*.  I Ihiat  rated 
\^-ith  ?'.Ni  Anatniniral,  Chiteidoidrul.  and  other 
KnKravliiKA  on  M''uod.  and  12  full-plate  Repre- 
aentationa  uf  AnlmaU.  drawn  by  \V,  IIabvet. 
1  Tol.  bvo.    London,  1641.    16f. 


MARTIKI.  Dcr  rorbeMOti 
ahalter  und  fertige  Kftuffma 
17V7.     2«.  fWf. 

rND    CIIEMXITZ.      Ne 

I        CoiieliyUcii- Cabinet.       12  tul 
Niirn!»prjr,  17G'.'-l'<2n.     2«»/, 
M  A K T IN S  c Cii .  I      Mctcon..lofl( 
MARTI  US.        Lchrhuch     a#;r 
Zoologic.      i^vo.  Willi  3  ilates 
5*. 

Gruiidifsa  dor  rhannaki'»si 

reicha.     kvo.     Kilancen,  11*32 

— ^  Syatoma  materia*  ine<Ucj 
ailiciiftia.     8vo.     Lip^ix.*,  Is  13. 

(Ph.)       Dccai    Plantarun 

4to.  with  a  culr>iireil  }datc.     2. 

Afcrontiifrraphia  liranilienai 

EfjiENBEc-K.     H\o.     Stilt  fiitartii 

J>is8tfrtatlo    InRiiiniralis    1 

Ilurti  Aeadtfinici  Krlangoiuii 
Hvo.     Krlaiii;i;n.     2f. 

— —  Choix  dcs  planti<«  rt-marr 
BotaniquelCoyalfieMiinlc.  In- 
fix, eul.     Fi*anckftjrt,  I»»'J7-3L 

UNO  8PIX  CJ.  B.  Ton;.     At 

fiu-A  J.  H.  do  Snx.  2  vol*.  4i 
Uth.  eteol.     Munich.  Iks^-Ti. 

Serpcntiini  ■(tccieA  nu«-.v. 

Cum   2S  tabulia    lith.    ct    co 

ftl.Ht. 

Tcalacca    fluviatilla.      Tc 

J.  B.  de  Sptx  ct  J.  A.  Waoxci 
lith.  ct  col.     Munich,  1S27.     3 

Genera  et  apccica  Piaciuiu 

Srix  et  L.  Aoamiz.  Cum  fS  1 
Munich,  1829-31.     14/.  I'Jj. 

Delectus    Animaliuin   artl* 

M.  Peett.  3  i'arta  cum  40  t 
Munich.  1H30-3I.     11/. 

Reiae  in  Kraailion  In  Jalii 

4to.  and  atlaa  of  :>3  lltli.  pN.  fol 

Von  IK'in  Kochtjuu-.tande  1 

wuhnem  llrazillena.     4tu.     Mi 
^—    Iconea   Plantanini    f^rrpu 
,  C.   F.  P.   MAETita.      Cum    7< 
Monachii,  l<«27-34.      l.V. 

Cienera  ft  S}iecioa  Palnian 

MAKTiL'ti.  VI.  fa^o.  cum  177 
in-fol.    Monachii,  l<423-3i>.    lUi^ 

— —  Nova  Genera  et  species  I'l 
dcHcr.  G.  F.  P.  MAaTirn  et  . 
3  vols.  4to.  cum  30(1  tnh.  col.  ? 
.'in/. 

ifD  KXDLlCnEU.     Fhira 

Knuincratio     Plantamm     in 
Parts  I.  11.  et  ill.  .ivci-  31  plaj 
VindolMme,  l'<4<i-4l.     .V.  n\,, 

MARX.  Ueber  die  Ahiinlnm*  < 
dun;h  <iJe  Zunalinie  «lcr  (.'ivtliK 
tingeii,  l.*i44.     3)r. 

(K.  F.  11.)  AkeHhtu  Itlicke 

Hezichungen  dor  nivdicin.  s»-o. 
3r. 

• EIne    Getluchtniiia    Rode, 

an  JoiiANN  FaiKDREirii  ]|li 
GcittinKcn.  1H40.    a«. 

MATTEirrci.  Tmltc  i1p«  phcr 
Pliviitohigique  den  Aniinaiix  mi 
tniniqueHur  le  ayxti'mo  nfin-cii: 
cloctriiiue  de  la  Tundllo  atoo  di 
Parid,  1k44.     hi. 

MATTHiOLI.    Comment  aril  in 
ilacll  l)ioacf>ridiH  Ana^arhci  do 
2  T(d<«.  folio.    Venctiia.  I.Mk'i.      i, 

MAYKK.  Analeeten  fiir  VorxleicI 
4to.    Mit.  8iehen  Tafeln.     iioni 

(J.    C.    A.)      i:inheiiniv<h 

welcho  fiir  Mcnaclien  am  nv\\ 
Folio,  with  1 1  C4ilnurod  ]ilatt-a. 
Vorxuisllche  Kinhoinii!«chi>  V.^\\ 
Folio,  with  3  Coloured  platen      I^ 

MKADK  (W.)  A  Manual  for  S 
PreparliiK  for  M.xamination  1 
IIhII.     12mo.    London,  l^ati.     1 

MECKEL.  De  Duplicitatc  Monsi 
riua.    Folio.    Hal»,  W^-V    i/. 
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MECKEL.    Syttem  der  Terglelchend«a  Anatomle. 
8to1s.8to.    Halle,  1821.    21. 

Tftbube  Anatomioo-PftthologicA.    Pt.  I.-IV. 

mlt  33  Kupf.    Loipsig,  1817-36.    5/. 
•— —  (F.)    Manuel  d'anatomie  g6n6ralc,  descrip- 
tive et  pathologique ;  traduit  de  rAllemand,  et 

augment^  des  faita  nouveauz  dont  la  science 

s'est  enrichie  juaqu'^  ce  Jour,  par  G.  Baxschxt, 

et  A.  J.  L.  JocKDAN,  D.M.P.    3  vol.  in-8,  de  800 

pages  chacun.    Paris,  1825.    2/.  lOf. 
TriUt6  gen6ral  d'anatomie  comparee ;  trad,  de 

TAUcmand  par  Ribstbb  et  A.  Baksok.    10  vol. 

in-8.    Paris,  1829-38.    3/. 
Deutsche*  archiv  fUr  physiologio.    8  voL  in-8, 

flg.    HaUe,  1815-23.    21. 
MEDICiS.    Unachter  Acaden-Baum.    5  vols,  in 

9,    8to.    colour«d   plates.      Leipxig,    17%-1798. 

lUs. 
MEIDIN6ER.     Iconea  Piscium  AustriiB  indlge- 

norum  in-fol.  With  50coloiu-ed  plates.   Vienna?, 

1785-1794.    3/. 
MEINICKE  (Casl  E.)    Die   Sudfeouolker  und 

das  Christenthum.    8vo.    Brenslaw,  1844.    Ai. 
MEISSNER.     Die    Kinderkrankheiten.     2  voU. 

8vo.    Leipaig,  1828.     1&«. 
MEMOIRES  de  la  Socicte  Gcologique  de  France. 

Dcuxicinc  tdritrSf  tome  premier.  Premiere  part  ic, 

avec  G  planches.    Paria,  1844.     15«. 
. de  TAcadcmie  Imperiale  des  Sciences  do  St. 

Pc'tersbourg.    Tome  V.  annve  1812.    ln-4.    St. 

Pctcrsbourg,  1815.     15a. 
— —  de  rAcadi>mio  des  Sciences  de  Turin.    C  toI. 

in-4.     Turin,  1784-1800.    3/. 
de  r  Acadcmie  Rojal  de  MCsiecine  de  Paris. 

Tomes  I.  i  X.  Paris,  1828-43.    Prix  de  chaquc 

vol.  1/. 

Lfs  10  vols,  pris  ctucmbUy  8/.  10a. 
(nouveaux)  de  1' Acadcmie  Rojrale  des  Sciences 

ot  Belles-Lettres,  1772-73.    2  vol.  in-4.    Berlin. 

1/.  10a. 
. de  la  SociutC  de  Physique  et  d*Histoire  Natu- 

relle  do  Geneve.    Vol.  VU.  Part  II.   In-4.    Ge- 

niyvo,  183C.     10a. 
do  la  Soci^t^  Medicale  d'observatlons.    2  vol. 

In-8.    Paris,  1837-1843.     IGa. 
MENEGHIMI.      Richerche   sulla   Shuttora   des 

Caule  nelle  Plante  Monoeotiledoni.    4to.  with 

10  plates.    Padova.  183G.     ICa. 
MENONVILLE  (Thieekt  dk).    Traits  de  la  cul- 
ture du  Nopal,  et  de  Tdducation  do  la  Cochenille 

dans  Ics   colonies   Frangaises   de   TAmi-rique. 

2  vol.  in-8.    Paris.    6a. 
MERZ    (L.)      Die   neuren  Verbesserungen   am 

Microscope.    8vo.    Muuchen,  1844.    2a.  Gtf. 
MEYER  (C.  A.)  Verzeichniss derPflanxen,  welche 

am  westlichen  Ufer  des  Caspischen  Meeres  ge- 

sammelt  morden  sind.     4to.     St.  Petersburg, 

1831.    8a. 
NoTOi  Plontarum  Species.    4to.  with  plates. 

3a. 
(G.  F.    W.)     Sine   Anlage  zur  Flora  des 

Kunigreicbs  Hannover.    2  vols.  8vo.  with  plates. 

Giittingen,  1822.     lUa. 
. •  Chloris  Hanoverana  odor  nach  der  natiir- 

lichtcn  Familien  geordnote  Uobersicht  den  im 

Konigreiche  Hannover  wildwachsenden  sichtbar 

bluhendcn  Gewachse  imd  Farn.  4to.  Gottingen, 

183G.     1/. 
. Primitia}  Flortc  Esqueboen&is  a4Ject!s  descrip- 

tionibus  centum  circiter  stirpium  novarum  ob- 

svrvationibuiiquc  criticis.     4to.  with  2  platos. 

liottiiigje,  1818.     15a. 
BIETCALFE  (S.)    The  Natural  History  of  Cre- 
ation.   In  1  Tol.  post  8vo.  with  plates.    London, 

1845. 

{In  the  Press.) 
MICHELIN.     Iconographie  aoophytologiqiie  de- 
scription des  polypiers  foMlles  de  France.    Liv. 

I.  i  XV.  avec  planches.    4to.    Paris,  1843-44. 

Chaque,  3a. 
MIKAN.    Delectus  Flora  Fauna  BrasUlensis.    4 

fasc.  fol.  coloured  plates.     18*25.    0/. 
MIQUEL  (F.  A.   W.)     Sertum  Exoticum,  con- 
tenant  des  Figures  de  Plantcs  Nouvellcs,   ou 

pen  connues.  Livraison  1.  4to.  with  5  plat«i  and 

text.    Rotterdam,  1843.    5«. 


MIQUEL  (F.  A.  W.)  Commentarii  Phytographld 
quibuB  varia  r«i  Herbariae  capita,  ilhutraUNr. 
Folio.    Lugduni,  1840.    2/.  14a. 

Systema  Piperacearum.  2  vols.  8vo.  Rot- 
terdam, 1844.     1/.  2a. 

MIRBEL  (M.)  Nouvelles  recherches  sur  la  struc- 
ture et  les  developpements  de  I'ovule  veg6tale. 
ln-4,  with  10  plates.    Paris.  1828.    6a. 

MOHRENHEIM.  Abhandlung  uber  die  Lutbin- 
dungskunst,  mit  kupfem  46.  Large  f61io.  I^p- 
sig.  1803.    21.  10a. 

MONTE-BALDO.  DescritU  da  Giovanni  Pona 
Veronese,  e  due  oommenti,  Marogna.  4to.  plates. 
Venetia,  1617.    4a.  6<l. 

MOREAU.  Icones  Obstetricae;  a  Series  of  60 
Plates,  illustrative  of  the  Art  and  Science  of 
Midwifery  in  all  its  Branches.  Edited,  with 
Practical  Remarks,  by  J.  S.  SrBKSTza,  M.R.C.S. 
Complete  in  60  Plates,  with  Descriptions,  in 
cloth  boards,  folio.  London,  1841.  Plain,  Zl.  3a. ; 
coloured,  6/.  6a. 

(F.  J.)    Traite  pratique  des  accouchemens. 

2  vol.  in-8,  et  atlas  de  60  planches  in-fol.    Paris, 
1838.    3/.     Figs.  col.  6/.  6a. 

Le  texte  s6par^ment,  2  vol.  ln-8,  14a. 

MORITZI.  Die  Flora  der  Schweiz  mit  Boson^ 
derer  Beriicksichtigung  iliror  Vertheilung  nach 
Allgemein  Physischen  und  Geologischen  Mo- 
mentcn.  12mo.  Zurich,  1844.  10a.  Gd. 
MORREN.  Recherches  sur  la  Rub6fiM:tion  des 
Kaux,  et  leur  oxig6nation  par  les  animalcules  et 
les  algues.  In-4,  avec  7  pi.  coloriees.  1841.  16a. 
'——  Responsio  ad  quaestionem  ab  ordine  dis- 
ciplinarum  Mathematlcarura,  frc.  4to.  with 
plates.    8a. 

— —  Recherches  sur  le  monvement  et  I'anatomic 
de  stylidium  graminifolium.  4to.  plates.  Bruz- 
elles,  1838.    3a. 

MORRISON.  On  the  Distinction  between  Crime 
and  Insanity ;  an  Essay  to  which  Uie  Society  for 
improving  the  Condition  of  the  Insane  awarded 
the  Premium  of  Twenty  Guineas.  8vo.  Londcm, 
1844.    2a. 

MORTON.  Crania  Americana ;  or,  a  Company 
tive  View  of  the  Skulls  of  various  Aboriginal 
Nations  of  North  and  South  America,  to  which 
is  prefixed  an  Essay  on  the  Varieties  of  the  Hu- 
man Species,  illustrated  by  78  plates,  and  a  co- 
loured map.    Folio.    Philadelphia,  1839.    U. 

MOSSLER'S  Handbuch  der  Gewachskunde.  Dritte 
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dentung  der  NaturwissenchafLcn  fur  die  Medicin 
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MULLER.  Animalcula  Inftisoria,  Fluviatilia,  et 
Marina,  qnsa  detexlt,  systematico  doscripsit,  et 
ad  vivum  delineari  curavit.  Opus  hoc  posthu- 
mum,  cur&  Fabbicu.  4to.  with  50  plates,  flau- 
nisB,  1786.    Zl. 

——  (J .)  Albani«i,  Rumelien,  und  die  iisterrelsch- 
montencgrimische  Griuue.  8vo.  with  a  m^. 
Prague,  1844.    4a.  6rf. 

Archiv  fiir  Anatomic  und  Physiologie.    8td. 

mit  Kupf.    1834-41.    1/.  4a.  each  year. 

-~—  Handbuch  der  Physiologie  dee  Menschen. 
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— —  Physiolc^e  dn  Systdme  Nerveiiz,  oo  re- 
cherches et  ezperienoes  sur  lee  divertes  classef 
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parole,  les  sens  et  les  fiscultes  intellectuellee. 
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Bvi  des  Pentacrinus  caput  Medus».    Folio, 

with  6  plates.    Berlin,  1843.    12a. 

Ueber  die   Compensation  der   Physischen 

Kriifte  am  Mcnachliciien  Stimmorgan.  8vo.  with 
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TOTbLiM  uiiil  iiben  die  Venchiodenhelten  untcr 
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-^  I'vhcr  doni  fclnern  Ran  and  dio  fbrnien 
dor  Kmiikhaften  Geachwiilate.  Vollo,  4  Tafelu. 
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— —  IH*  KlanduUniHi  secementiuin  structura  pen- 
itli>ri  earumiiue  prima  Formatione  in  Homine  at- 
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Talnilin  \f>.     Folin.    Llprin.  l>3fi.    3/.  l.'W. 

VNU  TROSCHEL.    SyMem  dcr  Artcriden. 

4tu.    witii    12    plates.      Braunschweig,    It»4'i. 
1/.  Mis. 

— —  (O.)    Vcrmium  TerretCrlum  et  Fluviatilluni, 
,   »ou   Animalium,   Infiuorlum,  Ilelmintoram   ft 

Tc>tacc«inani.    3  partis  -tto.    Hauiiiir,  1773.    1'2*. 
——  (O.  F.)     Il.vdrachuie  qiias  hi  Aquls  Danin; 

Pnliistrihui  ik'U'xit  et  dcscrlpsit.     4to.  witli  1 1 

plates.     Uipsic,  l"**!.     HI*. 
i ri'H-)    >Syni)iKU!i  Testacoc>rum.  Hvo.  Bcrulini, 

MI'LSANT.  lllstolre  naturelle  dc«  coIciiptdroH 
do  Krnncc.    3  vols.  in-H.     Parfai,  lH44.     I/.  12s. 

Ml'NSTFiK.  Venelchniiu  ilor  in  der  KriMs-na- 
turalien  Sanimlung  zu  Boj'reutli  Beflndliolicii 
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MYlill.  Mcmorahilium  Kazunfie  Kubterranie. 
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NAfCARl  (F.  L.)  Flora  Veneta.  GtoIs.  4to.  Vc- 

m>ziii.  \^'i\\.    2/.  2f. 
^Kl:.S   All    KSKNHKCK.     Kaimidiing    fk-himhiu- 

iKHidcr  ^'wacliM.'.    Text  AU*.  and  atlas  folio,  with 
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i—  Fr.i.\inflla>,   riuiitaruui    Fauiilia   Natural^. 

Willi  II  folia  iiltUtfu.    b*. 
—~  <;icthva  !iMjriiiii  I'loiitaruni  Geiias.    4to.  with 

3  riillii  plateH.    2f.  (if/. 

l)i'Pul.viMiivlM!iarapanl.  4to.withfo1.pl.  Sjr.Ocl. 

— —  S|iiri<UMiit    .Muvuiu    Musooruni    Pipl«ipvH)»to- 

iiiiiinuntii'.nuM.  4ta.  with  a  cndoured  pKite.  Is.  (W. 
>— —  Fiinid  Javanloi.    4to.  with  a  ool.  pi.    3s. 
— —  HoM'hrioluing  OIlkMnellcr  I'llanzeii,  texte  scul. 

I  vol.  folii>.     DuHHcldorf,  1^29.     I/.  Is. 

I)c  (.'iiiiianiuinii  LM>ptit»tJo,  cum  7  labiiJis  ico- 

iiMKr.iplilt'iN.     4tf>.     Hoiin,  IK23.     «m-. 

>—-  (JeiitTa  PlaiitaruiitFlonuGeniiaiiioip.  22  liv- 

raiMiii»i,  K\(i.  cmitainiiig  2ti  plates  each,  iirice  per 

livi':ii!x>ii,  4*.     Ildiiii.  lN'i*«-43. 
(ii.MUM'a  ct  S|H«»'M*M  AMterearuin.     Hvo.     \rtk' 

tinhi^iif,  iN.'i'j.    Is.^iit. 
—'  Suiiiiiihiiiv:  iiiHcinellor  pflanxeii.    3  voN.  iifol. 

i'ontenuiit  *>'i^  pluni'Iic!*  culoru-os,  and  I  vol.  ufol. 

cl«'  PcxU'.     IhitM'Idiirr.  1^21-32.     I'l/.  I.'m. 
,  M,  WKIin;.     Riilti  <:cnnaniii.     Folio,  mil 

Vj  pl:iiulu-.     KllMTlicId,  |H2-.'-27.     I/. 
N  A  (M :  I.I  I .     /.(-ilM'lirilt  fur  Wi^seiiivlittftllohc  llo- 

tunik.     With  3  pl.nto!*.     /urii'h.  IhI1.    7«. 
NKI.  VTON.    KU'iiifiiK  de  pAtluiIincic  chinirgicalv. 

Tiimc  pri'inim'.    lii-x.     PnrK  1K41.    hh. 
NKI'MA.XN  V:  <t.)     PathoKnrinche  iinterNiich  als 

Ki'inilalive  dv"(  lieilvurfahrens.    2vol.Kvn.     Hor- 

liiii      l**!!.     *<». 
NI('t)LAI.     Ifandhiudi  dfr  gorieht lichen  Modlriii 

iiMi-li    di'iii   g");<-iiuitrtigiii    Stniid]Miiiktu   dicK'r 

Wis*tvii!M;linft  fiir  AerztciuidCriniliiaUrtcn.    hvo. 

Ilii'liii.  IMI.     IK. 
N ( >/  K M  A  N  I  M>  ^S 1 : 1' P.    Nedprlandiiichc  Vo-releii, 

\  itlt;i>ii.<«  hnniio  huiHluuinding,  ai>rt.  vu  F.i)n-iiti- 

( li.'illH'ii  iteM.'hreL>voii.    o   voIh.  griiid  fbl.  nviv 

'.'■•(I  iilnnehcii  ctilorieeif.    Ainsteriiain,  I77U-Ih2'.>. 

31/.  Ills. 

OUSKKVATIONS  nir  I'histoirc  naturelle.  «iir  la 
plij.Hii|iic,  ct  Mur  la  iHfinture,  ai'ec  dcM  plani'IuM 
iinpriiiiiVH  eii  couleur.  2  vol.  lu<1.  rarid. 
17.'i2.     I/. 

O.'hllK  1.1  MI'LLKK.  Flora  Danifa.  7v(ds.fol. 
<*iiliiiiii'i|  ]iiiiti><4.    KdiK'uluieen,  I7«i«i-i»2.    20/. 

OKKN.  Ims,  i;iu'\i*|(i|Kidi^«hti  /liUcIirift  vorxiig- 
Ikii  fiir  Natiirgt>«fhlrlite,  vergloiehoudvii  Ana- 
toinitf  iind  f  li.VHiulwric.    30  Toll.  4tu.    Lvipxigi 


OTTO  ET  PPFIFFEH.  Fignrcict 

Cacti'tfs  L'u  Flpur.    A  lirr.  anc : 

cnl.     Ca.MCI.  1S41-42.     1/. 

OWKN  (R.)     O.UuitiHn-aphy ;  or  9 

cumpoa'ativc  Anatomy  of  the  Ti 

Biolt^cal  rclaticin.f,  mude  of  de' 

Mlcm<coplc  Structure  in  Vertel 

This  splendid  Work  will  lie  pui 

Part*,  each  Part  ci^ntaiiiing  v>  t 

I>e»cription.      Whca  complete.  ii 

of  Letterpres*.   and  an  Atlas  r 

Plate»,   cngrarcd   by    Mr.  L.   A 

DiNKEL.     Part»  1.  and  II.  royal 

engraved  platesi,  with  test,  1/.  II 

A  few  Copies  are  printed  in  4ti 

ProoA  oil  Imlia  Paper.     2/.  I3i. 

TUt-  TAird  and  I  ast  Part  trrfl  b. 

January  If^ti. 
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PALI80T  (DE  BzArrois). 
agnwtographie.     4to.  arec 
HI2.     I/.  OS. 

FALLA8.  Mi»c«UBnoa  Zooloirlrs, 
pl.  deniie  rclii*.     Lugduni  Jlaiavrj 

— —  Charactoriatik  liit;  ThierpHaii 
Larcin.  uhervctxt  und  init  Ann 
selion  Ton  Ciini!>T.  Fkichb.  Wil 
nelncni  Tude  horaiisg.  von  J.  ] 
4to.     Niiriihcrg,  IT-*?.     Is*. 

P.VLSTERCAMP  (A).  ThtV»rie 
3  vul.  In-s  vt  atluri  fid.     Paris  l- 

PANCfiVII  Herharium  iKtrtatile. 
gravures  >\iv  bois.     Berlin.  1H54. 

PANDER.  EntirickLlunirygcwhicI 
Chens  im  Eye.  Fol.  plates.  W 
1/.  ir»s. 

llistoriiiin  metamorplio.'*cs  qui 

Iwtuni.    '«ru.     Worcuhunri,  I  hit. 

PANIZZA  (B.)  Aiinotnzioiil  Ch 
(jlaudola  paivtidv.  -Itu.  with  2  v 
IHl.l.    As. 

FAN/ER.  Faunti  Inset'tontin.  1-1 
isiiu).    Niirnberg,  17'j2-iM3<«.     '2iU 

PA R K  (A XBHOifE ).  CKu %-rcs  com fi 
I'ullationni-ed  xur  toiitoii  Ic^  6«ii1 
varlante!) ;  uiiuvai  dc  217  planches 
drl'auteur,  n<-com|iainiiH?i>  de  note* 
rntii|U0H.  el  prccetli-oii  d*niu>  Int 
I'liriirln  et  les  pnigK'A  dc  la  chinira 
du  VI. -XVI.  mitIc  et  tiir  la  vir  »< 
(r.\inhniiie  Pare,  par  J.  K.  M%l«. 
gioii  ill-  riii»>pii'e  de  Bicetro,  pmfe 
la  Faoidtt- de  Pa.-is,  &o.  3v<d.gra; 
t*Mi(iniK'.«.  a^eti  un  grand  ntunhre  ilc 
ealees  dans  Ic  textc.     Paris,  1«4 1 . 

PAKENT-Dl'CUATELKT.  I>e  I: 
dan9  Ia  vlllo  do  Paris  I'DiiMdenv 
\Htvin  di>  riiygiiriie  puldi>|iie.  ile  la 

1  O'hninir't ration,  ouvr.iKe  appiivc 
iitalistiiiiii'.-s  piii^i-s  daii.i  lei>  .\n!-lii« 
fet'ture  de  INdire.  avet*  eartf'!>  el  t 
r«mdc  iMItimi  revue  ot  corriistt*.  « 
tr.iit  de  I'autcur  grave,  'j  fort,,  to! 
I»»a7.     l«tf. 

Hygii^c  pnhlhjue,  on  Mt  iimire 

tions  leu  pliM  Iin|Kirtaiite<t  de  Thyih 
.1UX  profesiHioU!*  et  tuixtr.i^nux  d'liti 

2  f.utj*  vol.  in-**,  avoc  Is  pl.     Paris 
PASS<»T.     Bari'ine  dn  vendeiir  et 

en  pfiids  deeiniaux  et  nie!«ure>  nu- 

Paris  1  MO.     U.iHf. 
P.VYKN.     .Mt'inoin.'s  Mir  \v  •livclii| 

vi>g«-taux.    4tu.  avec  lii  plandiev. 

I/.  Is. 
PAYkl'I.L.    F.iiiiia  Succlca  Iiiaeola. 

rpsalite,  iMHi.     I/.  4.V. 
PEI.LK.TIER.    A  ftne  Porti^alt  of.    I 
I'KHSOON.     Irmies  Plrtie  Rarinruri 

4to.  with  l!«  ei'loiurd  plate.i.     P.iri.-i, 
— —  Kyno|>»*lH   Planlaruin,  >ou    Kiifli 

tanitMini.    2  voH.  I2ni«».     Parisils  1' 
MyiHdn-.ria   KumiM  a.    3  \%A».  in 

pl.     Krlair,r:i>.  l'*2»».     2/.  Ids. 
— —  IconeH  et  Do«.*riiiti«»iio«  Kungomr 

nitonnn.    4to.  avec  14  planches  colu 

sig,  110  date.    lot. 
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PJBTTER.    BoteniicherWegwelMrln  d«r  gegend 
vnm  KMiftto.    18mo.    Zane,  1833.    Zi. 

PHARMACEUTI8CHES  Centnl-BlaU  fUr  1830, 
32,  33,  34»  35,  36,  37.  38,  39,  40.  In  dolh  bOAitia. 
Leipzig.    Each  year,  15«. 

PHARMACOPEE  FRANCAI8E,  on  emU  das 
medicamena;  ou  noaT«lle  tradootkm  da  oodez 
medicamantarius,  •!▼•  pharmaoopcpa  OalUoa, 
par  F.  S.  Satxeb,  augmeat^  da  notaa  et  un  ap- 
pandtoe,  contanant  Ia  fonuala  et  Ia  mode  da  pr^ 
paration  daa  nouvaaux  m^dicanMos,  dontlaiura- 
tique  s'est  cnrichie  jusqu'i  noa  Jours,  par  O. 
Hekbt.    1  Tol.  in-8.    Paria,  1897.    H$. 

PHILIPP.  Zur  Diagnoatik  der  Lungan  und  bara- 
kraakheiten  Pbjrakcaliachea  Zeichan  dar  Auaoul- 
tation  und  Percussion.  8vo.  llg.  Berlin,  1836.  6#. 

PUILIPPI  Enumeratlo  MoUusoorum  Sksiite.  12 
planches.    4to.    Berolini,  1836.    1/.  8«. 

Vol.  II.  4to.  platea.    Halle,  1844.    li.  I2s. 

PICOT    (DK    LA     Peisouse}.      Description     de 

Susienrs  nouTelles  espdcea  d'orthoceratitaa  et 
OBtracites,  aveo  13  planchea.    Folia    Erlang, 
1781.    ILAs. 

Figures  do  la  Floro  dea  PyrSntes  areo  U» 

Descriptions.    Folio,  areo  1 1  planchea  colociees. 
Paris,  1795.    IO5. 

PIDDINGTON.  An  English  Index  to  the  Plants 
of  India.    8vo.    Calcutta,  1832.    it.  6d. 

PIERER.  Universal  Lexicon  oder  Enqrolopa- 
dische  Worterbuch.  26  Tola.  8vo.  haltbound. 
Altenburg,  1838-36.    9/. 

PINEL.  Traite  de  Pathologie  du  Cerraau.  8to. 
Paris,  1844.    Is. 

PITARO.    La  Science  de  la  86tlfdre.  ou  I'art  de 

^  produire  la  sole  avec  avantage  et  sdrate,  avec  7 
planches.    8vo.    Paris,  1128.    7«.. 

PLUMIER.  Descriptions  dcs  plantcs  de  I'Am^ 
rique,  avec  108  planches  fol.    Paris.    1/.  10«. 

FOnL.  Tentamen  flora  Bohemite.  2  Tola.  8vo. 
in  1.    Prague,  1810-1815.    Ht. 

POILROUX.  Medccine  Ugala  crimineUe  Ma- 
nuel d  I'usage  des  mcdecins  da  toutes  Ics  classes 
dcs  ctudiens  en  medccine  et  desmagistrata.  8vo. 
Paris,  1837.    7*. 

POIRET  (PAbbg).  Voyage  en  Barbarie,  ou  lat- 
tres  (crites  de  Tancienne  Numidie  en  1785  et 
17Mii.    2  Tol.  ia-8.    Paris,  1789.    6*. 

P01880N.    A  fine  Portrait  of.    Folio.    5». 

POLANSKY  (E.)  Grundrls2  su  einer  Lefare 
yon  den  Ohren-Krankheitcn.  8vo.  Wien,  1842. 
At. 

FOLLICH.  nistoria  Plantarum  in  Palatinat- 
Elcctoroli,  sponte  Nasccntium  incepta.  3  vols. 
8vo.    Mannhcrail,  1777.     lis.  M. 

POPPE.  AusTdhrliche  Volka-Cioworlslehre  oder 
Allfromeine  und  befondare  Technologie.  8vo. 
Stuttg.     15«. 

POUILLET.  Elcmens  de  physiques  experimaot- 
alc  ct  dc  mcti^orolagio.  Quatritime  edition.  2 
vol.  in-H.    Paris  1845.     18*. 

PKEISS.  Enumeratio  Plantarum  quas  in  Aus- 
tralasia Occidental!  et  flfaridJonali-occidantali, 
anni.H  1%.3H-41.    8vo.    Hamburgi.    8«. 

(11.)    Die  ncuere  Pliysiolo^e  in  ihrom  Eln- 

flusM!  auf  die  nahcre  Kenntniss  dea  Pfortader- 
s^'.stcnis  in  gcsunden  und  kranken  Fustande. 
Am.     Rreslau  1844.    si. 

DUCIIAKD.  The  Natural  Histonr  of  Man;  com- 
prising Inquiries  into  the  Modifying  Influences 
of  Pliysical  and  Moral  Agencies  on  the  diflbrent 
Tribes  of  the  Human  KamUy.  lllui»tratod  with 
44  coloured  and  !^  plain  plates,  engrar^  on  steel, 
and  97  woodcuts.  I  vol.  royal  xvo.  elegantly 
bound  in  cloth.  London,  1845.  1/.  I3f .  6d.  Se^ 
cond  txtition^  enlarged. 

Appendix  to  the  First  Edition  of  the  Natural 

History  of  Man.  Consisting  of  4  sliecta  of  text, 
and  6  coloured  plates.  8vo.  London,  1845. 
3s.  M. 

Researches   into   the   Physical   History  of 

Mankind.  Tht'rd  Edition.  4  vol.  8vo.  London, 
1841-44.    3/.  4s. 

.—— -  lIluHtrations  to  the  Researchcaintotho  Physi- 
cal Hivtory  of  Mankind.  AUas  1/44  coloured  and 
5  plain  plates  engraved  oh  tUrt,  1  vol.  8vo. 
London,  1844.    18«. 


PRICHARD.  Six  Ethnognpliieal  Hbpi,  lam 
folio,  oolourad,  with  a  sheet  of  latteorpresa,  m 
ilhutration  and  as  a  oomplement  of  hia  worin, 
"  Tha  Natural  History  of  Ifaw,"  and  ••] 
into  the  Physical  History  of  Mankind." 
1845.    II.  U.    In  ckKh  boards,  1/.  4r. 

On  the  Different  VortoB  of  Insanity,  in  n- 

lation  to  Jurisprudence.  Dedicated,  by  permla- 
^on,  to  Uia  Right  Honowrabla  Lono  LniSBimav, 
Chancellor  of  England.  In  1  vol.  post  ftvo. 
London,  1842.    5s. 

PRONY  (M.  do).  Le^ona  de  M6eank|aa  Analy- 
tiqua,  donnees  &  I'teote  imp^rtela  polytaehnlqa*. 

2  vols.  4to.    Paris,  1810. 

PUBJUNJB  (A.  Y.)  D«  callnlla  antharamna  fl- 
brosia  nee  non  Da  GraiMNrom  PoUinaram  fomia 
Commantatio  Pfaytotomioa.  4to.  wlAb  18  plataa. 
YratialavisB,  1830.    12«. 

(^UETELET  snr  IHiomnie  et  la  divtioppamant  da 
ses  ilacult^  ou  essai  de  phyaiqaa  soaiale.  2  foL 
in- 12.    Bruxelias,  1836.    7s. 

RABENHORST.  Dentachlanda  KryptogaoMi- 
Flora  Oder  Handbuch  cur  Baatinunung  der 
Kryptogamischan  Gewiiohse  Deutsebtana  dar 
8chwclz,  des  Lombardisch-Benetianiaclien  Ko- 
nlgreichs  und  Istreina.  Vol.  I.  8vo.  Laipaig) 
1844.     ]U. 

RACiBOB8KI  (M.  A.)  Da  In  PubarM  at  da 
I'age  critique  chax  In  fcmma.  In-12.  Pwdi, 
1844.    Gs. 

RAIMANN,  Handbneh  der  SpacleUen  Medialn- 
ische  und  Theropie.  2vol.  in-8.  Wien,  1839.  U.4«. 

RAMON  (Dn  la  Sagma.)  Histohrv  phyaiqaa,  poH^ .. 
tiquc,  et  naturelie,  da  I'lle  de  Cuba.  51  livrai- 
sons,  fol.  coloured  plates.  Paria,  1840-44.  Pvloe 
of  eneh  part,  12«.  6rf. 

RA8PA1L  (F.  V.)  Hiatoira  natnrella  da  l»sant6 
et  de  U  maladie  chea  les  v6g£taax  et  ehea  las 
aniinanx  en  gen^ale,  M  en  parttcuUer  ciMi 
I'homme.  2  vol.  in-8,  wrae  planches.  Paris* 
18^13.    1/.  4«. 

Nouveau    systdme    de    ehiraie    organiqoe, 

fonde  sur  de  nouveiles  mMiodos  d'observationsw 
precede  d*un  traits  complet  sur  Fart  d'obsarvar 
et  de  manipulor  en  grand  et  en  petit  dana  le 
laboratpire  et  snr  le  port-objet  du  microscropa. 
Deuxi^e  Edition,  entidrement  rafondue,  acooin- 
pagnc  d'un  atlas  in-4  de  20  planches  de  flgores 
desainees  d'aprds  nature,  gmv6cHi  at  colorieea  airae 
le  plua  grand  soin.  3  voL  in-8,  atlas  in-4.  Paris, 
1838.     U.  lOs. 

— •  Nouveau  syatihne  da  physiologie  v^^tato  ct 
do  botanique.  2  vol.  in-8,  et  atlas  de  planetaea. 
Paris.  1837.     1/.  lOt.    Col.2i.  lOt. 

RATIER.  Phannacopte  Fran^aise,  ou  ooda  dea 
nivdicamens,  nouvelle  traduati«»  da  Codex  Me- 
dicamentarius,  si ve  Pharmacopoeia  Gallica.  laS, 
Paria,  1827.    8«. 

Lettre  sur  U   8yphilia.    In>«.    Parte,  1844. 

Is.Qd. 

RATZEBURO  (J.  T.  C.)    Die   Forst^Insectan. 

3  vols.  4to.  with  37  platea.    BerUn,  1887.    31.  3s. 
Entomologiache  Beitriige.    4to.    5s. 

Aiiimadvorsiones  qussdUun  ad  peloiarum  in- 

<lolem  definiendam  q^ctantos.  4to.  with  a  plala. 
Berolini.    3«. 

RAU.  Die  Entstindnng  der  Baganbogenbant.  8vo. 
Bom-und-St.  Gallcn,  1844.    6s. 

RAYER.  A  Tbouretical  and  Practical  Treatise 
on  the  DIscaaas  of  the  Skin.  Translated  by  R. 
WiLLia,  M.D.  Second  edition,  remodelled  and 
enlarged,  in  1  thick  vol.  8vo.  of  1300  pages,  with 
atlas  royal  4to.  of  26  plates,  finely  engraved  and 
coloured  with  the  greatest  care,  exhibltinf  400 
Varieties  of  Cutaneous  Ailbctions.  iL  8«.  Lon- 
don, 1835.  The  Text  separately,  8vo.  in  boards^ 
1/.  8s.  The  Atlaa  4to.  aeparstely,  in  boards, 
3/.  lOf. 

See  Wixxis. 

^-^  Trait£'  des  maladies  des  rein*  et  des  tM6ntiaim 
de  Ic  secretion  urinairo,  etudi^s  en  elles-mtaaes 
oC  dans  Icurs  rapi>orts ;  avec  les  nialadica  dea 
uK'tdrw,  da  In  vessio,  et  la  prostate,  de  Turtea^ 
&c.    3  flnti  vol.  in-8.    Paris*  1838-41.    lA4s« 
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B  AYKR  (P.)  Ti-aite  thvorlque  ct  pratliiiio  Oct  ma  • 
Lull«»  ilti  la  i>CAu.  DeaxiiMne  vditioa,  cntlore- 
mcnt  refonduc.  3  forU  vol.  ln<^,  aeoou|iagnC'S 
d'uii  bcl  atUw  de  30  plancho*.  in  grand-4,  grmTvcs 
ct  euIiiritH.'*  avcc  lc«  pliu  Krand  Hoin,  repK-aentaiit 
en  40<)  fltoiTM  ltf8  diffi'rentea  inaladiet  de  la  pcau 
et  Ittun  rarieti-*.    roria,   1^36.    Prix  de  tcxtc 

scuU  !/•  3«. 

Prix  de  I'ouTrago  oomplet,  Irol.  in-8  ot  atlaa 

iD-4  cart,  4i.  M . 

I Prix  du  I'atlaa  M^ul,  avoo  explication  roifonncc, 

grand  In-i  cart,  3/.  Ids. 
—— •  Lo  Iwl  atlas  pour  cet  oaTrago,  reprciontant  Ics 
dlverscA  alteratiuiu  morbides  dea  reins,  do  la 
Tcade,  do  la  pnwtate,  dcs  uretdrcs,  de  ruKMro,  a 
vtv  public  en  12  livraiMMifl  contciiant  chacuiie  3 
planchcn  grand  in-folio,  gravvci  et  magiilflque- 
incnt  culoriec«  d'apK'd  nature,  avcc  un  texte  dc< 
acriptif.  Co  bol  uurragv,  compose  de  60  planchc* 
grand  ln-ri»Uo,  ent  iHiinplct.  Paris,  1h4  1 .  y/.  1 2«. 
UKCKL'IL  dtt  incduoiiie  > (-U'rinaire .   Proniiuro  aii- 

uvQ.     Tonic  I.  in-i^.     Pari;*,  lH'i4.     11*. 
KKGKNFUSS  (F.  M.)     Auaerlewono  Sclinolkon- 
muscheln  uxkI  andcrc  Scliaaltblero.    Folio,  with 
IS  col.  pi.    Kopcnbagun,  ITM.    ti/.  Ct. 
REICHKNBACII.      Flora    Gonnauica.     1   roU. 

18mo.    LiiMUW,  1830.     1/. 
— «  All)<L'iiiL'ino  Ptlanzenlcunde.    4to.  with  8  co- 
loured plntes.    LoipzsK,  IKIS.    €*». 
——  Handbuch  dcs  NaturUchcn  Pflanzcnsystcms, 
nacb  alien  foincn  Clauen,  Drdnungou  uiid  Fa- 
mllicn.    nvo.    Dresden.  1K37.    W. 
— —  Flora)  Lipsiunsis  Pharmaceutical  6i>ecimen. 

Li|HiUc.    2j. 
•>^  Die  Tand  SiifswaMerund  see  Conchilicn.  mit 
6K  tofinchr,  800  ablH*ldungcn  enthaltond.    Uujrnl 
Mto.  half-boanls.    Leipzig,  I  ft  t2.     I/,  ir^. 
KKIl'UOLDT  n.  KEIDKU.  Die  Pharmaceutlsche 
Waarcnkunde  und.Waarenbercitung.  bfo.  Lclp- 
xlg,  1M44.    Gs. 
VLEIL.     Archiv   fUr    dio   Phjaiologlo.       13    vols. 

Iioimd.    Halle,  17U5.18I5.    bl. 
KEUUJN.    Klcmcnsdepalliulogicmidlcalc.    Vol. 

I.  iu-8.    Paris,  1443.    Is. 
RKTZII    Dbscnatiuncs   Botanic4D  sex  fiuiciculis 
comprchcnso).     Cum   1!>  {A.  fol.  col.     Lii»siiK, 
ITUl.     II. 
RKUSS  (A.  K.)    Geogiiotiflcho  Skizzen  aus  ISiili- 
mcn.     2  vols.  8ro.   with  plates.    Prague,  lt>44. 
I2«. 
KU.CDE  ST  CA8EARIUM.    Hortua  Indlcus  Ma- 
l^mricuH  continvns  Ito^ii  Malai>arici  apud  Indos 
Celuberriiiii  mnnis  Generis  Plantar  rariurcs.    2 
vols,  folio,  with  numerous  plates.    Amsterdam, 
ItUJH.     \l*t. 
RICAKD   (J.  J.  A.)    PhTsioMe  et  hvffii''ne  du 
magnet  iwur;   K'icimc  dli-tctii]ue  du  iiukgnetisv* 
&c.     In- 12.     Paris,  1n44.    3«.  M. 
KLCIIAKDSON  ^G.  F.)    Geology  for  Heginners. 
conii>ri:»ini;  a  Familiar  Exposition  of  the  Ele- 
ments ot  Geology  and  its   AK»ociatc  Soienccs, 
iVlini:raliig>-,  FomU  Concholog)-,  Fossil   Rotany, 
and  PaliiKiiittilijgy.     1  vol.  pust  >^vo.  illustrated 
l)y2:>nVoodcuts.   Second  e<iition.    1843.    10s.  (k/. 
RlCllTEKN.     SaxoniH!    Electoralis    Miraculosa 

Terra.    4to.    (il  plates.     1732.    St. 
RI(.*<)K1)    (Pu.)     Traite    pratitiuu  dcs  maladies 
vi-ni  I'lcniiom  ou  recherches  eriti(|ues  et  cxikti- 
inentales  sur  I'inoculation  appliquee  A  retudc  de 
ec:N  maladies  suivie-f  d*un  resume  tIieraiHfUti<|ue 
ot  d'un  fonimlairi'  ttpvoial.  ln-8.   Paris,  1m3s.  IW. 
—^  Atlas  des  niuluilies  venerlenncs.    7  livraihoni*, 
4to.  cliaquc  contenant  4  planches  coloriecs.  2i.  2t. 
LVuivragc  sera  complet  en  20  livraisoiis. 
KIDINGER.     A    Collection    of  38  splendid  En- 
gravings  of  Animals,  Mtimmalia.    Folio.     l*Jt, 

Of  HirdH.    4  plates.  f<»lio.    3«. 

KI  EM.  Oekonomiseh  -  Vetcrinarischcs  Unterricht 
iibcr  die  Zucht,  Waxtung  und  Stalliuig  der 
Pfenic.  7  iMuiH,  4to.  with  plates,  bound  in  1  vol. 
Ix^lpzig,  I71W-IK02.  W.  IAj. 
BILLIET  FT  UARTilEZ.  Tralt£  cllniquo  et 
pratiiiuo  des  maladies  dcs  cnfans.  3  vol.  in-8. 
Paris,  1843.  1/.  If. 
BOElIM.VNN(L.)  UandbuchderTopographischcn 
AuaUimi«.    12nK>.    Ldpilg,  1644.    ICs. 


RIF.CKK  (V.  A.)     Die  Neacrn  Am 
physiechcn   uiid  cheniifchon  Eig?iu 
rdtungsircitfen,   IVirkiuigen  auf  6i 
und  Krankcn  Orgniilaoaiu  un<l  Tb 
Uenutzuiig.     t^xo.     Stuttgart,  l.olO. 
fdif/om. 
ROCHE,  SANSON,  xrr  LKN01B.    >' 
mena    de    palhologl«    medico  -  chir 
kraltc*  tbeunque  et  pmtiqae  de  mi 
chimrgie.     Qiuttrldmo  cditiun  CMUi 
aagmcQtee.      A    fbrU    vol.    in-«. 
1/.  I6«. 
ROEDRRER.     Element  de  PArt  di 
mena,  augmentee  dea  obaervaCioQi 
oouctaemana  laboricux,  avec  figurej. 
17A5.    6t. 
ROGNETTA.     TraXte  philosophlqw 
d'Opkthalmologie.  baaw  sur  les  prii 
Therapcutiquo   Ojnamiiiuc.    evo. 
9t. 
ROODS   (H.  C.)     Spinal   AfTectioibf. 
Lecture  on  1  >isonIon«  and  Diseodos 
In  which  tlie   Cause«.  Nature.  S>i 
Curative  Treatment  uf  the»o  AfTecl 
vestigated  and  explained.   I'inio.  wit 
I..on(ion,  H41.     2*. 
ROSE.    Traite  praxif|uc  d'analyne  chi 
de  tables  servant  dajia  lea  analy«>« . 
quantite  d'uno  aubstaocc  d'apri  s  ci 
troav6e  dans  nne  autre  substance ; 
Icmand  sur  la  (|u:itrii>me  I'dJtiou. 
JoL'BDAx.    NouwUe  edition  avec  < 
par  PuiGOT.      a    vol.    in-t,  fi^. 
Ha. 
ROSEN  BAUM.     Zur   Gcachiehtemu 
I<«hre   vondcn   Ilautkraiikhcitea. 
1444.    4s. 
ROSER  (W.)     Handbuch  dor  anatoi 
rurgle.    hvo.     Tubingen.  1841.     12 
ROSES  (Ics).  Paintofi  par  P.  J.  Uex^ 
et  closaees  aelun  leur  ordro  natur 
Tbobt.   Trolsli-mo  CMition.    3  vols, 
flg.  col.    Party,  Ih28.     l<i/. 
ROTll.     Nov»   Plantanun  aiicoles  i 
disOrientalis,  ex  oollectione  lH»ct.J 
8vo.    Halber-stadii,  1h:2|.    ru. 
ROTHII  (A.    G.)      Catalcota    Rots 

{ilantio  novic  et  minus  rugiiitiD  de: 
Ilunrantur.    3    vols.    hvo.     Mit    i 
Leipzig,  ismi.     1/. 

ROTTBOLL.  Doscriptiuxmm  ct  Ico 
et  pro  maxima  i>artc.  Noras  plai 
Fol.  avcc  21  planches.     HafnUc   171 

ROYEN.    Floi-a  Leydeiisi*.   i,io,lruii 
pUiitas  qua'  in  Horto   Aoa.1enuco 
tavo  abundant ur.    8vo.     1740.    3s. 

RUDOLPHl  Kntixucoruin  Svoups 
Tabulu.    hvo.     Berlin,  isiii. '  i/. 

Enlozoorum    sivc    verniiuni   i 

3  vols.  8 vo.    Ami^ordan),  1KU<«.    W. 

— —  Disscrtatio  anatoiuica  do  ucuj 
partibus.    4to.     GryiihUv.    Zt. 

GnindriM  der  PhvMolucic      2  v 

iKi.    Berlin.  1S2 1.     |:»«. 

Rl'NGE.    Einleitung  in  die  Tcchn 
fUr  Jodcrman.    Mit  I. so   In  te»t 
Tafeln.    »»vo.    Berlin,  1S30.     ^t^t 

RITPPEL  (E.  Da.)  Atloa  zu  der  H 
liclien  Afrika.  Vol.  I.  containin 
coloured  and  plain,  fulio.  Vd  n 
tlilero  zu  der  Fauna  von  Aliyn^ 
containing  I»4  plates,  coloured  an, 
Franckfurt,182r»-40.  21/. 

RUST.  Helkologie,  o<lcr  Lehrc  voi 
waren.    4to.  mit  12  iUum.  Kuuf. 

— —  (Dr.  C.)  Dc  ulcerum  diagnosi 
Nonnulla.  4to.  with  7  plates  coJoi 
Bertolmi,  1831 .    H«. 

RYAN  (M.)  The  PhUomphv  of  Mi 
Social,  Moral,  and  Phyaioal  KoUti 
Account  of  the  Diseases  of  the  Gt 
Organs  with  the  phyiiiologj  «f  t 
the  Vegetable  and  Aninial  Kininli 
edition,  very  much  Imprured  i 
London,  1843.    Ci.      ""P"^®^-     ^ 
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Fkm  Comltatat  Pesthinentis  in  Uno 
e,  oompr«lienaa  •ditio  Mcundai.  8vo. 
,1840.    7«. 

lO.    Species  Insectorum  nondum  De- 
propoaUaiis.    In-8,  avec  4  planches  co- 
Atoib.  1823.    2t.6d. 

CK  (LK  Psimck).  MonographU  Geno- 
es  et  Mesembryantfaemi  Iconibus  illus- 
»u8seldorf;  1 835-4 1 .  Public  en  1 2  Uvrai- 
coL    Prix  de  la  livraison.  U.  lOt. 

4  lioraisons  sant  en  9enU. 
( Aktoikb).    Traits  des  principales  Ma- 
lYeux.    8  vols.  in-8.    Paris,  1821.    10«. 
'enitiori  Oasium  Structura  Conunent- 
^olio,  with  1  plates.    Leipsig.  1799.    6*. 
&to  dellm  principali  Bialattie  degU  Occhl. 

quinta.    9  vols.  iD-8,  fig.    Pavia,  1816. 

«  pratique  des  Hemies.  Tradoit  de 
par  Catol;  aiignient6e  d'un  Supple- 
d*un  Memoire  sur  les  Hemies  du  Pcri- 
mduit  par  Ollivibk.  f n-8,  flg.  et  atlas, 
.  Paris,  1812-23.  1/.  2«. 
g  de  la  Taille.  Traduit  de  Tltallen  par 
Livi£S.  In-8,  flg.  Paris,  1826.  6«. 
»  neurologicsa.    Grand  fol.  pL    Turici. 

• 

Ernie  Memorie  anatomico-dhirurglche. 
.  avec  20  pi.    Milano,  1809.    2/. 
RR  (J.  C.)  Abhandlungen  von  Insecten. 
one.    4to.  with  48  col.  pi.    Regcnsburg, 
1/.  10«. 
idlungen  von  Insecten.   3  vols.  4to.  with 
.    Ucgensburg.  17G4-79.    3/. 
enta  Omithologica.    4to.  with  7  col.  pi. 
n,  1779.     1/.  IQf. 

s  insectorum    Ratisbonesium  methode 
ica  illustrate   et    IndicsD  systematico, 
G .  W.  Pamzee.    4  vols.  4to.  with  280  pi. 
9  nova.    1804.    1/.  lOt. 
un   Omitholofl^cum   exhlbens   enome- 
et  descriptionem  Avium.    4to.  with  52 
Ratisbonn,  1799.    2/. 
(H.  R.)    Analecta  Entomologica.    8vo. 
e.    Halle,  1841.    3«. 
R   rr  MOUGEOT.    Monographie  des 
'ossiles  du  Grds  Bigarr£  de  la  Chaine  des 
Lveo  40  planches  1mprim6es  en  couleur. 
psig,  1844.    2i.  IQf. 

Systematisches  Yerzelchnlss  aller  bis 
kanntenn  Saugethiere  oder  Bynopais 
lam  nach  dem  Cuvizb,  scfaen  System. 
8vo.  Soleure,  1844.  154. 
i.  Beschreibung  and  abblldung  der 
cannten,  tholls  noch  nicht  beschrebenen, 
n  Riedgrjifem.  8vo.  with  92  coloured 
V¥eittenbarg,  1801.  2/.  lOf. 
isches  handbucb.  4  vols.  8vo.  with  358 
roll   coloured.    Wittenberg,  1791-1808. 

und  Zwansigste  Klasse  des  Linneischen 
lystems  oder  BLryptogamlsche  Gewache, 
coloured  plates.  4to.  Wittenbeiig,  1809. 

<L  (Dr.  H.)  Abbildungen  neuer  oder 
adig  bekannter  Amphibien.  Mach  dem 
itworfen.    Parts  I.-V.  containing  30  pi. 

4to.    DUsseldorf,  1842.    2/.  I0«. 
adlungen  aus  dem  Gebiete  der  Zoologie 
(leichenden  Anatomie.    Heft,  1,  2,  mit 

Leiden,  1841-43.     1/.  If. 
£M.  GnmdxiigederWisscnsohaftlichen 

2  vols.  8vo.     I^ipsig,  1842.     18j. 
ige  nir  Botanik,  Gesammelte  Auftatse. 
Svo.    Mit  neun  lithographlrten  Tafeln. 

1844.    8«. 

I  (T.  F.  G.)  De  Hepate  ac  Bile  Crusta- 
t  MoUusoorum  quorundam.    4to.    Ber- 

as. 

£IM.    Ein  Bectrag  zur  Flora  der  Yor- 
».  with  14  plates.    GothsB,  1804.     10«. 
ff.     AUgemeine  und  Specielle  Patho- 
1  Therapie.    4  vols.  8vo.    St.  Gallen. 

a*. 

R  (F.  A.)  Flora  Barblensis.  2  vols, 
pisig,  1775.    ht. 


SCHONBEIN  (E.  F.)  BeitragemrPhyalkaUaehtn 
Chemie.    8vo.    Basel,  1844.    S«.  6tf. 

SCHONHERR.  Synonyroia  Insectonim  oder: 
Versuch  einer  Synonymie.  8  vols.  8vo.  and 
Appendix.    Stockholm,  1817.     1/.  16«. 

SCHMALZ.  XIX.  TabuIsB  Anatomiam  Entoaoo- 
rum  illustrantes.  Dresdse  et  Lipeise,  1831.  4to. 
10«. 

8CHMELKES.  TepUtx  and  Seine  Mineral-Quel- 
len,  mit  besondererRUcksicht  auf  ihren  Worth 
als  heilmittel.    8vo.    Dresden,  1841.    5«.  6d. 

SCHMERLING.  Recherohes  sur  les  Ossemens 
Fossiles  d^couvertcs  dans  les  Cavemes  de  la 
Province  de  Lddge.  2  vols,  in-4,  aveo  un  atlas  de 
48  planches.    lidge,  1836.    5/.  lOf. 

8CHM1DELU.  DisserUtiones  Botanic!  Argu- 
mcnti,  revissB  et  recurssa.    4to.    6«. 

SCHMIDT  (£.  L.  G.)  Flora  Sedinensis.  18mo. 
Sedini,  1824.    h*. 

Descriptio  Ichthyosis  oomese  congenitse  in 

Yirgine  Observatse.  With  3  coloured  plates. 
Folio.    Bremse,  1830.    5«. 

SCHMITZ.    Der  Meue  Wasserfreund  als  Archiv. 

des  Yereins.     Coblenz,  1842-43.     2  vols.   8vo. 

U.Km. 
SCUNIDLER  (H.  B.)    Die  Lehre  von  den  unblu- 

tigen  Operationen.    Ahannaiturgia.    2  vols.  8vo. 

Leipsig.  1844.    \U.    Yol.  I.  is  out,  price  1». 
SCHNIZLEIN.     Iconographia  famiUarum  natu- 

ralium   regni  Yegetabilb.     Livraisons  1  et  2. 

In-4.    40  planches.    Bonn,  1843.    ICi. 
SCHRADER  (H.  A.)    AnalecU  ad  Flonun  oa- 

pensom  J.  CcrsBACijE.    4to.  with  plates.    Got- 

tingw,  1823.    Sf. 
•^—  Nova  Genera  PIsntarum.    4to.  with  coloured 

plates.    Lipsise,  1797.    lOf. 
Genera  NonnuUa  Plantarum,  emendata  et  ob- 

servationibus  illustrata.  4to.  with  5  plates.  Got- 

tingen,  1808.    3«. 
Blumenbachia,  Novum  e  Loasearum  Familia 

Genus.    4to.  with  4  plates.     Gottingen,  1828. 

3«.  6<f. 
Flora  Germanica.    8vo.  with  6  plates.    OSt- 

tingen,  180G.    6«. 
Journal  fur  die  Botanik  Tiir  1799,  1800,  und 

1801.    5vo1b.  8vo.    \hs. 
SCHRANK  (P.)    Eine  Centurie  Botanischer  An- 

merkungen  su  des  Ritters  von  Linnse  Species 

Plantarum.    4to.    Erftirt,1781.    2f .  G</. 

Balersche  Flora.    2  vols.  8vo.  plates.    Miin- 

chen,  1789.     10«. 

SCUREBERO.  Plantarum  YerUcUlatarum  Una- 
labiatarum  Genera  et  Species.  4to.  with  a 
plate.    Lipsiee.  1774.    3*. 

SCHRODER  (H.)  Die  Molecularvolame  der 
Chemlschen  Yerbindungen  Im  festen  i>nd  flUs- 
sigen  Zustaude.    8vo.    Mannheim,  1843    54. 

SCHUCKARD  and  SPRY.  British  Coleoptera 
delineated,  consisting  of  all  the  Genera  of  British 
Beetles.  8vo.  with  96  plates.  London,  1840. 
I/.  \U. 

(W.  E.)    Essay  on  the  Indigenous  Foeaoriaft 

Hymenoptera ;  comprising  a  Description  of  all 
the  British  Spedos  of  Burrowing  Sand  •Wasps 
contained  in  uie  Metropolitan  Collections,  with 
their  Habits  as  far  as  they  have  been  observed. 
8vo.  with  4  plates.    London,  1837.     14«. 

Elements  of  British  Entomology;  containing 

a  General  Introduction  to  the  Science,  a  System- 
atic Description  of  all  the  Genera,  and  a  List  of 
all  the  SjMcies  of  British  Insects,  with  a  History 
of  their  Transformation,  Habits,  Economy,  and 
Distribution,  with  Outline  Fi.ures  of  the  Fami. 
lies  and  the  Larvae  and  Pupe,  an  Explanation  of 
the  Technical  Tenns,  and  full  Directions  fi»r 
Collecting.  8vo.  illustrated  with  woodcuts. 
8«. 

SCHULTZ.  Sur  la  Circulation  et  sur  les  Ysisamni 
laticlf^res  dans  les  Plantes.  4to.  aveo  23 
planches.    Paris,  1839.    15« 

(C.  H.)    Die  Anapbytose  oder  Yet^Jiingung 

der  Ptlansen.    8vo.    Berlin.  1843.    5«. 

SCHULZ.  Die  Fortpflanxung  imd  Ernahrung 
der  Pflanzen.    2  vols.  8vo.    Leipsig,  1828.     lOi . 

SCHUMACHER  (G.  F.)  Die  KryataUisation  des 
Eises.    8vo.    Leipzig,  1844.    9«. 
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//.  Bnillikre,  219  Rri^ent  Street. 


SnirRMAYER  (J. H.)  Gerichthih-MiHlliinisfhc 
Kliiiik.    P&rtl.  ttTO.    Karlitniho,  ]M1. 


su    tfiiicr    VoFK- 
lIniiKHti»athl!«fJi 
Lfipzig,  1H24>--Jct. 


8CHWKIKEKT.      MateruLlicn 

loicliviHien     hcilmittellehrt'. 

lieilLMide  Acrzte.    3  voU.  hvo. 

1/.  It. 
SCOPOI.I.    Cryiitalktffraplila  Hiinmrlca.  oxhtliciui 

CryMtAlI<w  Indrjih  tcrnr  ruiii  ttisurin  ruriuniui. 

4t«r.  with  lit  plitt'S.     rr.iv'M',  I77i;.     I'U. 
— —  (J.  A  )     Klura  Cariiiitli«M,  fxhUiciiH  i'laiita^ 

<'uriii(iliii>   [iii|ii;i'na9<  et    (li-tninit.i.'*    in   ('1:iom.>4 

(lemTii  S|»efit*s  t-t   Vari»'t.i-.  ii:-liiu'  I.ikn.ianu. 

'1  viiN.  •<*«».  |»1.     Vinil«»l«ni;i'.  177-'.     !■>.*. 
Dolic'i.f  Flora  ft  Faiiiiie  In«.uIin«'Ji'  «*eu  Nnv:i', 

aut  minus  ri>i;nlt:i>  S|ii'ric.«  ri.mlaruin  vt   Aiii- 

nialium  qiiuii  in  Iiistuliricir  Aititrivii.     'A  vuU.  fol. 

Iilunrlii'!*.     Tuciiii,  17'»»i-'»''.     -'/. 
BCOITKTTKN.  Ka|i|K»rt >\i\' rii\>ln»theraiiii! a«l- 

ilix*.o'>r  a  Mniisiour  Ic  Man-fliaf  Miiii.otro  ilo  la 

<jiuTrt*,  aiiK's  uii  \  uya^rr    I'nit   vii    Alloniaffii*'. 

Dciixii-nu'    itlition.     Au;;im!titiv    dtf    NuU'S   i-t 

il'iihM'i'vutioiirt.    Kvo.     i'lris,  IMI.     'Is. 
8KALE.    The  GooKn«»»y  i>f  tlu>  Nliunl  Nt.  Ht'lena, 

ilhistnitoil  in  a  SoriC'*  "'f  Vii-ws,  IMun*.  an- 1  Siv- 

tioiix,  M'lMntpanied  with  K\|ilanatorv  Uoniurliri 

anil  (>li!H.Tvati(»nN.    KoiUi,  witli  lo  culuuretl  iiiatcit. 

liimiUin.  |n34.     1/.  lOx. 
SEGriKKIO.    riaiita>  Vcnmon^is  flcu  Stirpiiim. 

8  vuU.  t«vo.  i>lat(!4.     174.^.     **x. 
——  Aui'tuariuin  iu  Hiblluthccani  llutanioani.    4tit. 

1710.    \t.M. 
SKI'HKKT   (M.)     Flura  Aznrica.     4to.  with    !:• 

lilntt's.     Himna'.  iHtl.     lOjt.  «W/. 
SKI'Tl  N.   OI)«4.'rvuti<in!9  di*  FrartiiiV!*  (NimpliqiiiV!*, 

traitrcii  par  1a  Ifaudatro  Aniiilniint';  Aiiivii."*  ilv 

(|ui>li|uoi  Kc-tiuxi«»n9  *\xt  IV'niptiii  do  ce  Uandagv. 

HVil.      I>.  I'm/. 

81 K HOLD  (Dr.  P.  J.)  Flora  .laiNinica,  ditJCMit 
Dr.  J.  O.  ZL'crABixi.  FaiK>.  l.-\  \.  4to.  cuntaiti- 
iii)(  each  A  |tUitfi>,  colmircd.  Lii^I.  ISatarur. 
1h:{5-41.    Tvr  faiv.  1/.— IMaln.  prr  faM'.  Kb. 

Fauna  Ja|Mmioa,  Pisoos,  |»ar  Tkmnim'K   ct 

8riILKii»:L.     i\  111-.  fDlio.     \U. 

— '  Fauna  Japunica  Mainnialia.  4to.  with  'iU 
Ciilourvd  platus.  Lugduni  liatavurum,  1n42. 
3/. 

— —  Fauna  Japonica,  contlnons  Ophidit  olatNiranti- 

ilUH  TSMMINfK  Ct  SrULEUEL.      4tu.  with  10  plutl'fi, 

Li-ydtiii,  iMt'j.     II.  lOx. 
Saurii  et  Hatrachii.    4to.  with  s  platcR.    Ia>v- 

dun.  1K42.     I/.  lOi. 
— —  CniNtacca  clalH^rante   IIaax.     Partst  I.-III. 

4ti».  with  '2H  platfM.     Le.vden,  \**\i.    4/.  lOx. 

llittitria  S>-htL'matis  Salivalis  IMiVi^ulogioc  ot 

Pathuloxhx'    cuui>iderata.      4tu.   with    '2.    plates. 
Juna.    tiji. 

SIG  AL'D.    Du  (iimat  et  des  Maladion  du  llrc»il.  uu 

Statisti'iuc  Mvdicali!  dv  cet  enipii'C.    hvo.    Paris, 

In  It.    '.ij(. 
8IMUX  (8.)    Hahnemann  PKoudonie»siaii  Medieus 

dvr  Vcrdunnt  r.    3vubi.  >vo.    llaniburtj:,  l*«3U-34. 

12s. 
SIMPSON    S.)    Practical  View  of  [Ioni(i>opath.v. 

Kvu.     L<»ndun.  I.S3«).     UU.  0</. 
8KODA   (Dr.  Ju»epu).     Abhamlluni;  iiber  Per- 

ku.iHiitn     und     Austkultation.      Third    edition. 

Wien.  IHI4.    tijr. 
8MKLLIK   (Dr.   W.)     AnaUmiioal  TahlcK.  with 

KxplanatliHiH  and  an  Al)ridt(enicnt  of  the  IM-ai*- 

tioe  of  Midwifery.     With  nutc-<«  ami  illustrutioiii, 

by  Dr.  A.  IlAMiLTOSf.     With  3-«  platen,  atlaii  ful. 

Kdinbuivh.  ITs7.     M.hx. 
80Iti:KNllKI.M  (.1.  F.)    Tabuku  Phannactilntric-a' 

Usui   niediou-practico   dicatu.     Second    eilition. 

l!2nio.     ISerliu,  IMS.     U. 
— —  llandlmeli  dvrPraktliH-'hen  Arzneiinetteliehre. 

2  volrt.  4to.     Hi-riiii,  ls43.     I/.  2$. 
BOK.M.MKKHING.     Dewription  tlh'un'e  de  r(P:il 

huinaln,  traihiit  par  A.  Dlmui  ux.     In-1.  avt>o  -Jt 

]>laiu'hen,  noir  et  colim-e.     I'ariH,  X'^Xf,     I/.  It. 
80I.DANI.     Sa.::t{i-  OrilfiJtrr.itiin  nii'ii-i-ii  ub'M-rv.i- 

zioni  Mipra  le  Terre  Nautiliii>)u'  ed  Viiimonitche 

di>llA  FuM:ana.    4ttt.  with  -.'■')  Ihio  pialv<<.     Siciia, 

1771*.     \\\s. 
• l>c  Tc^itlji  et  Zouphytid  nattiralis  hiiituria'. 

Fuliu,  with  hO  plates  {jmperject).     I'u. 


SOMKRS.  nu  .St»i^k»  Er^oii 
iMtint  do  vuc  tlivrat>«uUifu 
1M3.     2*. 

8PALOWSKY.       PriNirr.:nu« 
cum  Te^ttaceitruxn.    Ftdi<i.  wi 
plates.     AVioii.  I7!»"v     ii. 

HtirlMithe  der  N.itnr^eiK" 

(Hiloured  |il:ites.      Wit-n.  17*' 

SPILL  AN  il».  I  Tlu-.-»Hru-  M 
.Me«iic:il  ppv«.:iiJior-  \  .».!»•.. M 
till'  M«»li--iii.-il  Nirr'-T.Hjt'i.'*  i-i 
arranire'l  a.."i  •mlin^  !■•  rhvir 
with  the  ni.i-:  t-lc^.i.-it  nu- 
each;  tu  whu-h  aiv  >*ii»»jiiiiK 
putibli' .SiiU^ta'i<*e<i.  uill  1  »:ix- 
nu.'ul  cii"  roi!xiiiiri-.r.      I^iim. 

— —  A  PraoiuMl  Manual  **i  . 
ciintainiiii;  an  KxjxiMtion  •! 
plnve.l  in  pnnlui'iiiu'  I  In.-  M; 
with  it*  Appli'.-ation  m  ilio  T 
iif  l>i.-H.'a.M.'!f .  TraM-.l.»tC'l  fn.ui 
of  ••  Terfte."  l)eilii*ai.-.|.  « 
Jiui>  LLLuvr'.o>,  .M.l>.  Can 

8PI.NOLA.  i:s<al  M»r  lo-  li 
rh.vu;i.itO'»  on  lii>tor«>|it«'Tt'!i. 

8P1\.   C'cphabr.fi.'ni'.'^is,  ^iw  cai 
funnatii)  et    .•oi;;iiirii*atiit    por 
ela»i>».  fainilias,  ^eiiora  ac  a- 
tatiull.4.  illustrata.     Folio.     l!< 
iHj.-..     4/. 

8PKK.NGKL.  Ili^toiro  do  la  \ 
on>;ine  jux|u'aii  di  \-ni'in  iiiii 
tuirt-  df*  |irint.*i|iaK>.-  (>|n-rat 
et  une  table  >:i-nfr;kli.*  dc:.  mat 
TAlleniand  pur  JoiHUjkS,  i>.3 
Pariji.  I>i;i-'jii.     ■_>/.  .V. 

l>a.««  vndoktc   (ichoinnusj 

with  a-',  platen.     Berlin.  17y.1. 

Vou  dein  llau  luul  dcr  Na 

Hru.  init  14  Kupferlatvln.     IU 

Anleituiig    zur     KeniitnL* 

Zweite  Aus^abo      3  vuls.  •»*! 
plates.     Halle,  ism.      i/. 

Plantaruni  rnibelliferairui 

daruni   pnKlroniu<>.     mvo    wit 
Is  1 3.     Is.  'W. 

8TACKHUU8E    (J.)       Nervis 
tenen^  Sjioeie?  umnv«  Fucoruii 
nleii,  i-re!<eentiuni    U'liniluit   i 
nova.    4to. 'ill  Ianp:>  plates.    <»: 

8TAKK.  HesehreibuTii:  .K-r  M* 
Mrunu'Uto.  oplaiu-hct!   In- 4     \ 

STKLNHKKG  (.V.;  Frannienu 
trik.     |-im.i,  with  platt-n.     m^ 

STK  V  KXS.  ratal.irfiio  »f  the  \ 
iiu};amous  Plant.-  ut'  i;reat  Itri 
cordhig  to  the  Natural  S>:^tei 
nyine.H  of  De  Cam*«ille,  Himik 
and  Li.NDLLV;  witli  an  imk-x 
inent  of  specimen:',  j^o.    S\n 

STILLING.     lelHfr  die  Te\lur 
Me«iiilla    Oblongata.        Aveo 
Krlanyjeii,  lNt3.     I««. 

8TOLL.  Katio  Mcdeuili.  .".  v. 
1777.     I/. 

Coininentaril  in  Aphuri»ir. 

KkinLL.    ;'>  vols.  >vo.      \'ionna, 

(CJ     Ueprexcntatiuii  e«ili»ri 

des   PuNAiM-j   iiui  MI    trtmvci 
PAwe.  I'Afrlque,   et    rAniiri>i 
French).     In-4,   aveo   41    i-oL 
•-V.  'Jn. 

STIIKKTER  (J.  S.)     Praotical 
AKirtion.      »»vo.    with     |ilati>s 
I^ndmi.  1*>4().    .'m. 

STItrVE.  E\|>editifn  i'hnmon 
lar  onlre  de  «i  M^)l">tl.' TKinp 
eiitn*  Poulkuva  et  Altoiia.  pi  ur 
de  la  Loii^'iiuiie  lMi>-.;rapiii.]iio 
sfrv.itni re  Central  di.'  l{ii>«io.  I 
iKiurg,  1"«4L     ID*. 

STIDIIK."*.  T.»iMit;rnphiM-he  M 
dein  Alpeiicebirjfo.  'J  vuls  '  1 
Hern,  IM4. "  '.'*. 
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)    D«atnhlMida  Flora. 

ogamem.    Parts  L-LXXIV.  with  1184 

71.  Af . 
'mmtn,   '  Parts    1.-XXIX.   with    400 
.    S/.  IGf. 

ttmi$eUandi.  Parts  I.-XVII.  with  366 
.    II.  13#. 

Onmdriss  der  Speciellen  Semiotik 
I    Quelien   Bearbeitet.      ln-4.      Jena, 

IDAH.  BlblijB  Natunc,  sive  historia 
n  In  claisw  certas  redacta.  2  vol.  fol. 
ates.    Leyde,  1737.    3/.  10«. 

NoTa  Genera  et  Species  Plantarum, 
romus    Descriptionum    Vegetabilium. 
roisp,  1788.    3«.  6d. 
Indi»  Occidentalism  aucta  atque  illns- 

diMcriptiones  plantanun  in  prodromo 
■um.    8yo.    Erlangn,  1787.    Hs. 
(ORG.     The  Animal  Kingdom,  con- 
inatomically.  Physically,  and  Philoso- 

TranaUted  from  the  Latin  by  Jambs 
iTH  Wilkinson,  Member  of  the  Royal 
r  Surgeons.   Vols.  1.  II.    8vo.   I.ondon, 

U.  16«. 

.  Iconographia  Rustica.  3  vols.  8to. 
ixHudon,  174a.    H*. 

■inoiplcs  of  Surgery.  By  J.  Stmb,  Pro- 
Clinical  Surgery  to  the  UniTcrsity  of 
h,  and  Surgeon  to  the  Queen.  Third 
nnch  enlarged,  and  illustrated  with 
OD  India  paper,  and  64  woodcuts  in  the 
'oL  8vo.    London,  1842.     1/.  1«. 

J.    Recherches  mir  lo  Traiteroent  m^ 
Tumeurs  cancvreuses  du  Sein.    8to. 
14.    is.  dd. 

ISKI.  Uebersicht  des  Osterrcichischen 
a  dem  eilQahrigen  zeitraune  ron  1831- 

0.  Wien,  1844.    4s. 

A  Practical  Manual  of  Animal  Mag- 
containing  an  ExpoBition  of  the  Me- 
ployed  in  producing  the  Magnetic  Phe- 
with  its  Application  to  the  Treatment 
)  of  Diseases.  From  the  wcond  cdi- 
'  D.  Spillaw,  M.f>.  Dedicated,  with 
•n,  to  John  Eluotson,  M.D.  Cantab. 
1  vol.  post  8vo.  London,  I  H-1.3.  fis. 
lNN  (U.)  Modicliiischer  Jahrcflbcricht 
er-Pauls  Hospitalc  in  St.  Potersbourg 

8to.    St.  Peteroburg,  1H43.     lOs. 
[ANN.    Systematisohe  Dar^tcllung  der 
ixnng  der  Vogel  Kuropa'u  mit  abildung 

4to.  28  plates  coloured.    Leipzig,  1825- 
.  \0s. 
'  (FiLS.)    Methode  Graphique  et  Geo- 

1,  avoc  44  planches.    4tu.    Paris,  1843. 

^  (R.  D.)  Britinh  Annual  and  F.pitome 
rogress  of  Science.  3  void.  i8nio,  cluth 
crttered,  3j(.  M.  each. 

First  Year,  1W37. 
mmerous  Practical  Tables  of  Weights, 
B,  and  Coinn.  The  popular  Paper*  are 
Rev.  B.  Powell,  C.  ToroliuMm,  Esq., 
>.  Woodhoune,  Es<i.,  T.  S.  Davies,  Esq., 
lomson,  M.D. 

Second  IV/ir,  1838. 
MX  Papers  are  by  T.  Thomson,  M.D. 
'rofessor  of  ChemiBtry  in  the  Univer»ity 
x>w,  R.  E.  Grant,  M.D.,  Professor  of 
ktive  Anatomy  in  the  University  CoU 
ndon,  R.  D.  Thomson,  M.D.  Life  of 
ratt,  illustrated  with  a  Portrait.  H.  U. 
Isq. 

Third  Year,  1839. 
lar  Papers  arc  by  J.  S.  Russell,  Esq., 
r  R.  E.  Grant,  H.  Gamier,  Esq.  R.D. 
n,  M.D. 

An  Outline  of  the  Sciences  of  Heat  and 
Ity.  Second  edition,  remodelled  and 
nlarged.  1  vol.  8vo.  illustrated  with 
s.     1840.     \hs. 

nistry  of  Organic  Bodies  :  Vcgotables. 
Tol.  8to.  of  wn  pages.  London,  lb38. 
Is,  I/.  As. 


THUNBERG  (C.  P.)  Dissertatio  BotankM  da 
Diosma.    4to.    Upsallse.    1«.  64. 

loones  Plsntarum  Japonicarum.    'BvXio,  with 

10  plates.    Ups^ise,  1794.    bs. 

Flora  .Taponica.    8vo.    Leipzior,  1784.    lOf. 

TITTMANN.  Die  Keimung  der  Pflanzen,  Durch 
l>eschreibungen  und  abblldungen  einzelner  Sasr 
men  und  Keimpflanzen.  Mlt  100  abbildungen 
auf  27  kupferblatten.    4to.  Dresden,  1821.   U.bs. 

TODE.  Fungi  Mecklenburgenses  select!.  2  parts 
4to.  with  17  plates.    Luneburgi,  1790-91.    6f. 

TOLTENYI  (S.)  Pathologia  et  Therapia  gener- 
alls  medico-chirurgica.  8to.  Vindobonse,  1843. 
16«. 

(Stans.)    Versuch  einer  Kritik  der  Wissen- 

schafllichen  Grundlage  der  Medidn.     4   vols. 
8vo.     Wien,  1840.     1/.  1G«. 

TOWNS  BEND  (C.  H.)  Facts  in  Mesmerism,  with 
Reasons  for  a  Dispanionate  Inquiry  into  it.  Se- 
cond edition,  with  a  New  Preface  and  enlarged. 
8to.    London,  1844.    9f. 

TRANSACTIONS  of  the  Entomological  Society 
of  London.    Vols.  I. -II I.  with  coloured  plates. 

TRATTINNICK.  Die  Essbaren  Schwamme  Os- 
terrcichischen.    12mo.  with  28  coloured  pi.    8«. 

Flora  des  Osterreichischen  Kaiserthums.  Il- 
lustrated with  many  coloured  plates.  4to.  Wien. 
1814-24.     l.V. 

(L.)    Botanisches   Taschenbuch  oder   Con- 

servatorium  aller  Resultate,  Ideen,  und  An- 
sichten  aus  dem  ganzen  UmCsnge  der  Gewach- 
skunde.     12mo.    Wien,  1821.    4«.  6<f. 

Genera  Plantarum  Methodo  Naturali  Dispo- 

sita.     12mo.    2«.  6tf. 

TRAUTVETTER.  Plantarum  Imaghies  et  De- 
scriptiones  Floram  Russlcam  lUustrantes  Fasci- 
culi I.  et  II.  4to.    Monachii,  1844.    6s. 

TREBA.  Erfahrungen  vom  innem  der  Gebirgv* 
nach  Beobachtungen  Gesammelt  und  herausgsge- 
ben.  Folio,  coloured  plates.  Dessau,  1785.  M.bs, 

TREVIRANU8  (L.  C.)  Horti  Botanici  Vratis- 
layiensis.    4to.  with  a  plate.    2«. 

Beytriige  zur  Pflanzenphysiologie.    8to.  with 

5  plates.    Gottingen,  1811.    As. 

,  vom  Inwendigen  Bau  der  Gcwasche  und  von 

der  Saftbewegung  in  denselben.  8to.  mit  kup- 
fcm,  180G.    Zs'.Hd. 

Physiologie  der  Gewachse.    2  vols.  8vo.  mlt 

drei  tafeln.    Bonn,  1835.    1/.  10s. 

(G.  R.)   Biologic  Oder  Philosophie  der  leben- 

dcn  Natur  fur  Naturforscher  und  Aerzte.  6 
vols.    8vo.    Gdttingen,  1802.    3/. 

—^  (L.  C.)  Von  der  Entwickelung  desEmbryound 
seiner  Umhiillungen  im  Pflanzen — Ey.    4to.  with 

6  plates.    Berlin,  181.^.    8«. 

dndTIEDEMANN.  ZeitschriftfUr Physiolo- 
gic. Vols.  I.  to  V.  4to.  with  numerous  plates. 
Hci-deberg,  1831.    5/. 

TKEW.  Die  KahnKlgs-GcsHso  in  den  Blattem 
der  Baume.  Folio,  with  25  coloured  plates. 
Nuremberg,  1748.— Kiibet.  Planttc  Rariores, 
Edent  Kelleb.  with  'JO  plates  coloured,  1763. 
— Hux.  A  Decade  of  Curious  and  Elegant 
Trees  and  Plants,  drawn  after  specimens  re- 
ceived from  the  Eajtt  Indies  and  America.  Folio, 
with  10  plates  coloured.  —  Robzxt.  Flowers. 
12  plates.  All  tlieso  four  works  are  hoimd  in  1 
vol.  folio.    4/. 

Plants    Selects?,  Eubkt    et    Haid.      De- 

curiip  I.  to  VilL,  with  the  portraits  of  Trrw, 
Haidenst  and  Ehret.  Folio,  100  coloured  plates 
et  Supplementum  Selectarum.  Folio,  with  20 
plates.    Nurenbergi,  1750.    3/.  3f. 

TRINIUS.  Species  Graminum  Iconibus  et  De- 
scriptionibus  illuMtravit.  3  vols.  4to.  with  a  great 
many  plates.     Pctropoli,  1836.    9/. 

ET   RUPRECHT.      Species  Graminum  Sti- 

paccorum.    4to.    Petropoli,  1842.    8«. 

TR I U MFETTl .    Observationes  de  Ortu  ac  Vege- 

atione   Plantarum.      4to.     avec   30    planches. 

Romas  1685.    As. 
TRNKA.    Historia  Ophthalmise.     12mo.     Vind. 

17K3.    bs. 
TROLLIET.    SUtistique  meOicale  de  la  Province 

d' Alger,  rnkMe  d'Observations  agriooles.    ln-8. 

Paris,  1844.    Zs. 
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TROM8DORFF(J.  B.)  Journal  tier  PharmBdeftir 
Arste  Ap«)thcker  und  ChemUten :  und  Neam 
Jmimal.  From  the  commencement  In  1793  to 
1M.TI.  A3  Tuls.  12roo.  with  plate^  l)oanls.  Lelp- 
«iR.    11.  7f . 

TS(!liri>I.  Die  Blanenwiirmer.  Kin  Monogra- 
phiwhor  Vomuch.    4to.  mit  3  Ufcln.     Freiburg. 

1M37.    3«.  ,   , 

Ti:«8AC.  Flore  don  Antillo^  «»u  llistoire  iJene- 
ralc,  ISotanlque,  Burale  et  Eonnmnlque  de«  Vc- 
gOtaux,  iiidigi'iiea  dcs  Antilles.  \'ul.  1.  fol.  flg. 
col.    Pari*.  lAW.     1/.  1U«. 

UNGER.  Bofchrelbung  clnen  m-hr  ciiifachcn  Ap- 
paratc.t  sur  lli'ilimg  dvr  Itciiihriichc.  12nio. 
with  plate.    Wicn.  1^43.     If.  >W. 

UNTEKII  ALTl'NGKN.  Au«  drr  Natun?c<*i'hlchto 
InM!Cttfn.  3  Tul*.  iVnio.  av<M>  4.'*(i  p]aiiolio»,  trvt 
bicn  colorivM.    Augsburg,  17<Jt'i.     |/.  Kb. 

VAIIL.     Knumoratio  Plaiitarura.     'i    vuld.    8to. 

Gfittingen,  IM^?.    Mff. 
VALKNTINl  (M.  B.)    Viridarium  Kcformatum. 

Mu  Kegnum  Vegetahiliuin.     With  3'43   plates, 

Iblio.    Fraiikfiirth.  17111.     1/.  lox. 
— ^   Muwum   Muiie«>rum.     Folio.     3  vnlji.   in  % 

with  a  grvat  many  plates.      Franckfurt.  1714. 

2/.  I  Off. 

VKLPKAU  (A.  A.)  Nnuvcaux  KhHnen*  dc  Mnlc- 
cine  oprratuire,  acconi|>agiK'>ii  d'un  atlas  dc  vingt- 
dcux  jilanches  In-quarto.  {jpravt-vs,  roprf«entant 
U's  principaux  pmcedes  oporatnin'!*  cl  \\\\  grand 
nouibru  d'iiiKt rumens  dc  chinir)!ii'.  Di'iixii^ine 
(Miitinn,  cntirreuicnt  rofundui>.  niiirmi'iiti'*o  d'un 
tralte  de  i>ctitc  clilrurxic,  awe  I'.H  plniirli('<i  tiiter- 
calucs  ilans  lo  toxte.  4  toI.  in-**,  ohncun  de 
prc's  dc  MM)  {tagos.  ct  atlan  in-l.  Paris.  \^^\*.  2/. 
Avee  planches  coloriccs.  3/. 

— —  Du  Strablsme.  mipplcment  aux  nourcaux  t'lc- 
men*  de  nivdcchic  upcratuire.  In-S.  Pari^,  I  h  t2. 
3«. 

— 'Mainu'l  pratiiiuti  dcs  Maladies iles  Yeux,  <t*aprdfl 
les  lemons  ciiniipiesdo  rilApltal  tie  la  Charito,  re- 
cucilHs  et  publics  sous  ses  yeux  par  G.  Jkax- 
iBLMK.    In-lH,  do  700page.<«.    Paris,  1M4n.    G<. 

Kmbryidogic,  on  OToIogic  huniainc,  ount«^nant 

riiintoiro  dcM-riptiTc  ct  icoiiograpliiquc  dc  I'ueuf 
humniii,  accoin|iagnt*  dc  1-^  planches  contcnant 
110  llgtircs  dcMinccs  et  llth<»irrai»hit*cs  avec 
M>in.  liar  \.  Cuazal.  In-ful.  flg.  Paris,  1^33. 
M.lit. 

Trait*'  romplet  dc  IWrt  des  Aecouohmncns,  ou 

Tocolfigic  thcoriquo  et  pratli|ue.  avct^  un  abrcg6 
des  malailies  qui  compHqucnt  la  grosscsse,  le 
travail  vt  Ics  couches,  et  tic  ociii-s  qui  atTcctcnt 
Ics  cnfans  nouYcau-nes.  Dcuxii^nic  cilitlon  aug- 
nientcc,  BC<*oin|>agiicc  do  Hi  planchci  gravvcs  sur 
acier  avcc  Ic  plus  grand  soin.  S  forts  vol.  In-H. 
Paris,  ls:iA.     Hi^. 

'—  Des  ('unruliions  chei  les  Femmes  enceintes 
penilaiit  tc  travail,  ot  apr^  I'accoiichenient.  In-M. 
Paris,  IN31.    .If.  <W. 

— ~  De  r(»p«'*ration  du  Trepan  dans  Ics  plalcs  de 
tcte.     In-H.    Paris.  tN.14.    \».  i'm#. 

KziMMitinti  d'un  oas  rcnmnpiablc  dc  maladio 

canrrreu«c  avcc  obliteration  de  Paortc.  In-H. 
Paris,  |N2.'».     Uji.  tyf. 

l.cgons  orali'S  de  cliniqnc  rhlnirgicale,  faltes 

k  riIoi>ital  <ie  la  Charite,  recueillcset  publics  |>ar 

G.    JKA.NSBLME    Ct    P.    PA VILLON.       3    Tol.     lu-H. 

Pari%  IH40.     I/.  I  jr. 

Traitectmiplctd*  Anatomic  chinirgiralc,  gcn6- 

ralc,  et  ttqMjgraphique  du  cor]>*  humaln,  nu 
Auatoniic  connidcrco  dans  set  rapports  avcc  la 
imihidogic  chirurgicalc  et  la  nutliH*inc  upcratoirc. 
Tmixipinn  (Hiitioii  auirmcnfi'c.  'i  vol.  in-H,  et 
atl.i«  in  fill.    Paris  lh3<;.     I/. .».  I 

VKKIIANDI.IXGKN  over  dc  NatuurlUko  Ges-    \ 
chiedcnisdcr  NcdcrUnilscheoTcrxtH'sclie  llcxittin-    ' 
geu.«l<M>rdc  Ucdcn  dcr  Natuurkuiidice  (*onnnis«iic 
in   <K>st-Inilia    en    Andcre    Schryvcrs.      Folio, 
ilium.  Kupf.    Lcyden.  1h4I. 

1st  Hcctiitn,  Land  en  Volkcnkunile,  lirr.  I-C. 

I/.  K%.  cai'h. 
2d  Hc<>tlon.  Zoologie,  lirr.  I-R.     1/.  4x.  each. 
3d  Bection.  Uotanle,  Uvr.  1-7.    \l,  \».  each. 


VERII.VNDLL'NGKN  de«   Vc 

nng  dcs  Gewcrhdeiasea  in  Pn 

der  GcfieUiichaft  naturfurs 

Berlin.     Vol.  I.  Part  3,  ttn.  i 
BcrUn,  1h2I.     V».  t.^/. 

des  Verein^  zur  BeflirdtTi: 

in  den  KtiniKlich-Prc-ii'iM.^'hi! 
4to.  Ilium.  Kupf.  IWrlin,  \-^'l\ 

VIAUDKL.  Obserratitins  «ii 
Accouchcmeiis  naturcLt.     ■•¥< 

V1DAL(deCa».'<is).  IVi  ln>l 
trv-indlcations  en  Mctlecinc 
Paris,  V^W.     2». 

Kssai  historique  sur  Impn; 

coiirs  prononct-A  sur  sa  touij 
portrait.     Paris,  l*«3l.     'is. 

Traite  dc  I*athol<>gic  extci 

opcratoire.     h  vnl.  In-s.     Par 

VIKTZ  rF.  B.)  Icones  Plants 
nilcti  Teclmoli »{ricanini.  cum  \ 
quo  DcsoriptioTic.  ^>  vtds.  4t4 
and  text,  and  2  vols.  Sii]qilcn 
plates.     Vlcnnae,  lMU0-l'<-i2 

VlGAKorX.      Coum    Kl.iiicn 
dcs  Fvinnics.  uu  K^sai  sur  uiti 
ftoiir  ctudicr  ct  pour  ola<wcr 
Sc'xc.     2  vols.  >v».     pjiris,   l*'i 

V1.MOXT  (J.)    Traite  de  Phr^ 
coniparec.      3    vols.    4to.    et 
planrhes.     Paris,  l'*3.^.     1 1/.  ] 

VIHKY.  PhiNwophic  do  PI. Is 
lies  phcn«ymcncs  dc  Ponraiiisal 
dc*  vi>grtaux.     In-n.     |»ar:!«,  I 

Dc  la  Physiologic  dans  Ic 

pliHoi«>phic.     In-*.     F-ari.s  !*• 

VITMAN.  8nninin  Plantaruin  i 
lK.'r  gi'uera  ct  si>ccic!>  Mi.:i-*t 
siM-i|ita.    <".  vols.  Mvo.      Mcdinl: 

V«)<IKI.,  tomes  Ili.-toliici.-i>  Pa 
ccx  Tabula*,  coiitincnte^  I'Vl 
'270  ad  Naturani  dclineata*  » 
|H43.     I/,  ir^. 

VOGT  (Dr.  P.  F.  W.)  I.chrhu 
ilynamlk.    2  vols.  nvo.     ^Vii-ii 

VDLKMrTII  (P.)  Moen  zt 
Physiologic  dcs  Gesiclitsr>inn 
IM44.    2«.  fW. 

VROMCK.  Tabul*  ad  Ilhis 
geiicshi  Ilominisct  Mainnialiu 
ipiam  Abnnnncn.  LivraisMi 
plates.    .Vmstcrdam,  l^44.     II 

WAGI.KR.   I>cscriptionc«et  Icn 

Tres  paries,  cuni  3<>  ill.  tabulisi 

|H»3.    'H.  \*. 
WAGNER.      Phannaccutisrh - 

tanik.    2  vols.  fol.  avcc  '249  plu 

lH2J<-2ii.    a(»/. 

(R.)    Elements  of  Physio 

by  RoRGBT  \V I LLis.  M .  n.     \v  It 
Londiin.  |H12.     1/.  (>«.  iV/. 

Lchrbuch  dcr   Physiidmrto. 

Nvo.    Leipzig.  |H|0-42.      |H,. 

I«Hmc"«  Zo«itiun?i'a?.     4to.  witi 

zU'.  I*>41.    3/.  Ifix. 
lc«mes  PhvMoKvirca?.  Tabul^i 

<icnc«<e«)s    Ilistoriani    iiluMran 

1/.  |i\». 
— —    Handwfirtcrbuch    dcr    Pli 

I.-VII.     Hvo.    Leipzig.  1814.      j 
— -  Lehriiuch  dcr  Zootomie.     1 

Hto.    Lcipicig,  H41.     4 J.  each. 
7V#  1h'  nonfitt'/ni  in  3  J 
WALPERM.    Rciicrtoriuin  Ilotan 

\iils.   1.  II.,  au'l  Parts  I.    to 

•ivo.     LipNiu\  1*41 -44.     2/.  M*. 
WAI.ROTII.      Naturgaschirhtc 

VT»ls.  Mvo.     Frinkfort.  |h2.'>.     ]/ 
WANCKNlll'.IM.     Bcytrag   ru 

gercchtcn  f»»r«twi8scnschafl.     1 

<ioftingen.  Iih7.     I/. 
WARDROP  (.1.)    On  BUxKl-lctti 

of  the  I'urativc   Effects   of  thi 

Blood,  a-lth  Rules  for  employin 

general  Blood-letting  in  tlio'  T 

caset.    12iiio.    London,    a*. 
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WARDROPEB  (W.)  A  PracUcal  TreatiM  on 
tlie  Stmctnre  and  Diseases  of  the  Teeth  and 
Giima»  and  on  a  New  Principle  of  their  Treat- 
ment, hitherto  diiregarded  by  the  Dentist,  and 
on  the  Pemicioas  Practice  of  Indiscriminate 
Tooth-drawing.  Third  edition,  much  improved. 
8?o.    Cloth  boards,  3«. 

WEBER.  Exposition  systeroatique  des  Effets  p*- 
thogesetiques  purs  des  remedes  apsorique.  Tra- 
duit  et  pubUe  par  le  Docteur  PxsCHUsa  de  Ge- 
ndve.    Gendve,  1843.     1/.  10«. 

— —  XT  MOHB.  Deutschlands  KiTptogamische 
gewSchse  FeUce$^  Muiti  Fr<mdo$it  et  Hepatici. 
l2mo.  mit  12  kupfem.    Keil,  1807.    Is.  6<f. 

—  (M.  J.)  Entfaltung  der  Drusengebilde  im- 
menschlichen  Kdrper.  4to.  with  2  coloured 
plates.    3#. 

— —  Atlas  anatomique  du  Corps  bumain  de  gran- 
deur naturelle,  en  84  planches,  avec  texte  expli- 
catif.    In-fol.    Dusseidorf.  1834.    bl.  bt. 

——  (E.  H.)  De  Aure  et  Auditu  Uominis  et  Anl- 
malium.    4to.  with  10  plates.   Lipsi»,  1820.   10«. 

WEIHE  UND  NEES  ab  ESENBECK.  Rubi  Ger- 
manic!. In-fol.  avec  52  planches.  Elberfdd, 
1822-27.    4/. 

ITEINMANN.  Phytanthoza  Iconograpbia.  7  toIs. 
fol.  4  of  text,  and  3  of  plates,  containing  1025 
coloured  plates.    Ratisbons,  1737-45.    10/. 

WENDLAND.  Hortus  Herrenhusanus.8eu  Plantss 
rariores.  Fol.  with  24  coloured  plates.  Han- 
noTera,  1798.    M.  bs. 

WENDT  (J.)  Die  Gicht,  ihre  Zufalle,  Ihre  Ge- 
fahren,  und  ihre  arztliche  Behandlimg,  als  Loit- 
faden  am  Krankcnbette.  8vo.  Breslau,  1844. 
bs.M. 

WENZEL.  Sammlung  Auserlesener  recepte  der 
Neuesten  Zeit.  5  vols.  12mo.  Erlangen,  1833-35. 
10«. 

WESTPALEN  (Ct.  J.  dk).  Die  Anwendung  der 
Turbinen,  un  Verein  mit  stehenden  Dampfmas- 
chinen  beim  Ersteigen.  4to.  with  5  plates  and 
map.    Leipzig.  1844.    Is, 

WIESELER  (F.)  Die  Ara  Casali.  8to.  with  4 
plates.    Gottingen,  1844.    As. 

'WILHELM.  Unterhaltungen,  aus  der  Natur- 
geschichten.  Das  PrLANXEiiaKicHS.  10  vols. 
8vo.  with  540  coloured  plates.  Wlen,  1814-21. 
5/. 

IVILKINSON  (J.  J.  G.)    Set  SwsDBMBoao. 
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